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ALS'IBACT 

J , . l:his document is one part of a critique serie^^? 

deals ^rth the development and evaluation of course goalS in six 
subject matter areas for grades K-12. The series provides an initial 
pool or course-level goals that are expected to bl of coLideJaWe ' 
value in assisting educators with goal definition related to " 
curriculum planning and development. Instruction, evaluation, and 
accountability. Goals for the mathematics curriculum are orgLi^Sed 
accoraing to a subject matter taxonomy. Number systLf goalf a^e 
divided into goals for whole lumbers, integers, rational numbJJs 
f^d a?"^H^"' compleK numbers, matrices and determinants, vectors, 
^Lntpi?«^''^^S expressions Goals for numeration, mathematical 
sentences and tlieir solutions, ^relations and functions, qeometry 
measurement, sets, logic, probability and statistics, hillory of' 
mathematics, ana use of computational devices are also presented 
tour sets of indexes offer the possibility of retrievingclursl goal^ 
'ducatZon SSf't"^ f owledge and process, sub ject area,\nd cireef 
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INTRODUCTION 



A dQCaiLc^d degeription of the needs i:o vhich this collc^ction ot resources 
Is rtiSpQuding, the backgrcundj the v^oal typos ^ Che goal codecs and the poten- 
tial uses of thia collection of course goals and tlieir supporting materials 
are to ba foutid in the accoinpany In^ hocklet, Courso Goals General Introduction . 
The aim of that booklet is to provide users of tha course goal collecclons in 
Art, Biological and Physical BQitrnve^ Uealth iLduuaLioa^ Language Arts, Mathe- 
matics , MusiCj Social Science, and physical Educaiiion with a comprehensivo 
guide to Che use, revisions and further developnient of these planning and 
evaluation rasourceSi 

This brief additional introduction has the more practical goals of; (a) 
presenclng a brief orienting overviov; of th^ purposes, nature, and potential 
iiBBH of the products of the Goal Development Project^ and (b) demonstrating 
how to read and interpret the materials in this collection. 

Following is a guide to the contents of the introduction: 



Page 



The purposes 3 nature^ and potential uses of this Course Goal 
collection: 
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\4hy do. we need to state learning goals? * * 2 

Ifliat kind of goals are in this collection? 2 
How do pirogram and course goalH differ from 

behavioral and performance objectives? 3 

Where did the program and course goals come from? , , , , 5 

What can the goals in this collection be used for? . , , , 6 

Will help be available for evaluating attainment 

of goals in this collection? 9 

Is this the final version of the program and course 

goala? ....... 10 

How to read and interpret the ntaterials in this collection . , U 



i1jc_^purpoH0ij, nacurc. and pocantla] usur oi uii la Cfiur^^ Coal i^oiloc ion . 
VAiy tip w^nciid co scate j oflnn'.itK t;oalB ? 

If the basiu purpose of ttducftLion is to help laarnern to grow and 
change, then educat;ors and learnfirs must decide and conmjnlcate to one 
another what dirt-ctions that growth should take and what changes are 
possible and desirable. Parents, Hchool boards, and the community also 
have a roJi to play in influencing educac tonal growth and change. ilils 
responsibility can be exerciBed moat rationally if che proposed direc- 
tions of chat growth and chanive are shared with them In clear and expli- 
cit gosl stacements. 

This collecUion ojf program and course goals in matheniatics is a non- 
prescrLptive resource for editeatorb and boards of education who wish to 
design and exeGute learning plans and policies more efficiently and effec 
tively. It is envisioned that school sysfcems will select from this col- 
lection Chose program goals they subscribe to; that schools within a 
system will select those course goals they believe appropriate to the 
needs of their comraunities and students; and that teachers will devise 
experlencGS and testing methodologies to meat these goals that are appro- 
prlata to the interests and abilities of their students. 
What kind of goals are in this collection ? 

l^^o types of learning outcomes are included in this collection — 
program goals and course goals. They differ in level of generality, 
with program goals describing broader outebmes and course goals the 
more specific ouccomes relating to them. Also, they differ in the type 
of planning for which chey are suited. Program goals usually serve as 
guides to planning and organizing programs at district and area levels. 
Course goals usually serve as guides Co planning courses in schools, 
departments, and classrooms. 



At the classroom teacher levol che coursa goals muat undergo a 
final translation inco instructional goals and learning experiencei* 
Relying upon the prof iasionalisra of teachers, Che Goal Development 
Project has chosen not to intrude into this iGvel, which is concerned 
with the profeislonal assembling and adapting of resources and method- 
ology needed to achieve the course goals * 

How do pro.i^ram and course goals differ from behavioral and performance 
objectives ? - - 

Figure 1 is an illustration from Language Arts of four levels of 
goals. Examplea of behavioral and perfoiTnance objectives have also been 
added to show how they differ from the program and course goals defined 
In Che Project* 

Note that program and course goals clearly specify a desired learn- 
ing outcome. But the "behavioral objective" specifies the method of 
measurement as well as the desired behavior^ while "perfomance dbjec» 
tlve" adds prerequisites and proficiency level. 

The Trl*county Goal Development Project has choian to produce pro- 
gram and course goals which are suitable for instructional planning^ 
without being cons trained by the measurement d^ands of behavioral objec- 
tlvei or the prerequisites and proficiency levels of performance objec- 
tives* Thus 5 teachers and students are provided explicit statements of 
possible laamings for which they can accept accQuntabllity in ways most 
suitable to their Instructional circumstances. The teacher and student 
.are free to select those methods of achieving selected outcomes which 
seem most promising within the constraints of their resourQes and capa- 
bilities* This provides for more flexible teaching and learning than 
teaching machines and othar teaehing systems based on behavioral and 
performance objectives. Such an approaeh places greater demnds on the 



Syscem Goal 



Program Goal 



Course Goal 



Instructional 
Goal 



[ 



Tht^' student: lh able to conimnnicatu n.th , bctn 

orally and in wriclng, in a mannor chat satiniieH his 
need foi* eKpvaBTsion and uho reqiiirciuonts of thosa 
under whom he may beconie employad or receive furcher 
education , 

The student is ahle ccvvec^ly to apply th' conventions 
of English gramiar and usage in speaking and writing. 

The studGnt knows that special verb toi^ins oxist for 
use with singular and plural subjects* 

P* Tlie student is able to use appropriate singular and 
plural verbs wiuL iingular and plural, subjects. 

K. The student knows the singular and plural forms of 
the verb "to be'* i:or present and past tenses: 



I am We are I was VIq were 

You are You are You were You were 

He, ihe is They are He^ she was They were 

The student Is able to use apprdprlate singular and 
plural fomis (present and past tcn.qe) of the verb 
'*to be'- with singular and plural aubjacts in writing 
sentences , 



Behavioral Objec- 
tive (Method of 
Me a star erne nt 
Specif ied) 

Perf armance Ob jec** 
tive (Prerequi- 
sites and/or 
Proficiency Levals 
Specified) 



Given 20 sentences j den with plural subjects and 
ten with singular subjects, the student will Iden^ 
tify the correct nunter form of the verb (iSj are), 



Given 20 sentences ^ ten with plural subjects and 
ten with singular subjects, the student will idon- 
tify the correct nuqnber form of the verb (is, are) 
with at least 90% accuracy. 
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i,cs con.;..-ancv wl., .v,, , ,;n^ . . ; ^ .p ..... ...a iu. r...i:uu.c 

u,e program ooaU w^ra p^upiiriJn u/ Z'(jr:iund Senoal ;n:.i::rLc. 

.■vaiuacion Depurcaenc in conwultaMon v.L:.u auLanis tracor s , ^^ucner,, aac. 
curricuiim .pdeiaUiU^ chrousaouc: dm mecropolican Porciand aren. The 
course goals wftr= develop«sa by DucsCanciins caacnars guidaa by such modals 
and guides as were available, and supparzad by cri-coiincy and Oragon SCaLu 
Board of Education curricuiura and evaluacion peri^orinel , 

More Chan 40 local school districca in che cri=county area of m^itro- 
polican Portland ara active in the Projacc. This nas bean achieved chroush 
the leadership of the iritarinediata (educational districca or che dhree 
councils. RepresencaCivMs frdm Oregon schoul discriccs outside the Tii^uro- 
polican Porcland area, from Waahingcon State., and from privaCa nchool sys- 
tems have also made valuable concribucioris , 

ICS broad base of pardicipation screngthans the Projecc in a moTjber 
of ways. First, ic providas greater financial and personnel support than 
any single participant could provide. Second, it makes it possible to 
. draw upon a large and nationally representative pool of teacher taLant 
in organizing goal devalopment coimnittees. Third, it provides a widely 
representacive testing sround for the theories and products of the Project, 
In lass than two years there have already ba«n oubscancial payoffs, 
Reports indicate that even the critique colUccions hava been used excen- 
sively in curriculum development and evaluation the past year and summer. 

school districts contribute services of teachers to the Project, 
usius local curriculum funda. Other currenr sourcGs of support ara the 
Oregon Board of Education, the Sm^U GrAnt. Pragrnm of Lhe K.^ianal 



r'ji^jv/.i; i J u :' i u . ...... . ■ ^- .: c . i- . 

:/riLU: r lie clones i. i:;:prov:';\Ki;:L , SI . ; i "r/c 1 vcimev^j. rm:^ rilrcsuly 'uv^vecl i.mr)..ir- 
tant 111 dlssGnlnat i he: prnduc: l... , and Projuc-' ru.G ^,ifMVi/,c^' i^.. 

KtacG developnicntfi in i^p^iS c^dvica:. 101 ; I ^oi; > : -^Vh > t.: • a j ivo 

and ^Uact i>card icvr-l, F:n/ili>s U^^jOK vDj.venu:^i = pruvu!^-;-^ LU.:iir;^ 
po^-antiah:^ for T\-X\rL^:uc.l si:;oT:)i,i;.:^':x.:n njd iuvo Ivcrrit^n l 

School ByfhtQz^t^ ::my uwv: the col luc i:i oric as ji^ v^ir k b),_v^Uich Lo 
TuD^dflurf] ch c ad cqij^cy of_ /on If^ and o^^ jcct: o a l r i:, ; av 1 : i : , Goa 1 s a nd 
objaccivGs of local cour^i^ua of a^udy ^aid t:;^>; Cbook:? Cr^n bu c:o;U:r^i^cuu 
M/itrh the goals in thit; coilLiCLion uo ^^oo how coniplaL-. Lr..^;y c^c ^lacl how 
well they provide for diffttrent inceresti; / abllit: i©!^ , and Inv^tls of 
achievement. They can also be evaluaLad tor conciseness, clarity ^ and 
accuracy using these course goals as modols. 

These klndj^ of studies can be undertaken by ueachors from iill ] 0 vo L ti 
of a school sysufim (t<i atiaurd a\:ti cxila-zion and philoi^ophic uairy) - acroi:f> 
grade levels, diviijious, or high sc^ocri a^-mTtrnKtiitu (to .i-u^nro Gi:reement: 
as to goals and ways and means of atcaining uhem) or by individual 

A relstcd use of the goalb is as a Btartin^ puint jor rgyi qwin^ what 
the SGhools should teach and tb^ materi a lo lg bo ujuid t>> ^uipporc teacit inj; , 
The logical saqueuce of discuss iona about what is iiuportanc to taach :ii\<\ 
learn is co inovci from broad policy o^als to program goals to CQuvna goal^j, 



at: . iru iuv«:i, TiUi t-a:^ononij,c cii u:,:, lUcation^ uii t;hiK coiiua:xon can 
j;orv« as a check on hL^av order -oaL iw::TnuUL; LoaH , and ck« ga^.a -h^^u- 
anlves can function as ffea&caiiorn oj; lowwr order obj^cLiives aad inL:::ruo- 
tlanal plans. 

The project: provides an imparLant rasourca for 'improving the qualicy 
and excant of participation of students, parencs, teachers, school ' boards , 
and ocher ciciaena in deciding the mission of che schoola. An intensive 
look at the rolea of each parclcipating group in generacing, mvUwin., 
contributing to, and approving goals will be a future task of Che --sject. 

Another use of the colleccion is to pgovide a bai^ia for taachm^ ^ 
learning aceountabllT ny . If a school approves all or part of the course 
goala for ics students, grade level, divisional, or departmantal represent 
tatives may choose from them thosa that are best suited to individual or 
Sroup apticudes and interests. 

IC is possible for. teachara to review goals with aaeh student and 
contrace for their aCMinment if a completely individualized program is 
dasired. Or, it is possible to stake out a aet of goals for target groups ' 
(regular classaa. special classes, laini-couraes, etc.). In any event, the 
seals themselves are sufficiently explicit that :.aans of teaching them and 
of evaluating their attainnient can be devised and applied individually or 
to groups to suit the needs of teachers and management. 

Another use of the collection is the revritine and d.v.Tnp.... 
course, and curriculn. By making currlcular options explicit and sharable, 
the colUcCion can help in the development of ne^ or modified coursea of 
instruction and the design or redesign of curricular experiences, one 
important example of curriculum development fostered by this collection 
Is cros.^disciplinary education. Probably no concept is currently mor. 
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abused than "interdisciplinary education." While the goals of gubjsct 
matter learning are at least implicic in the textbooks and other materials 
used by teachers, thfl goals of interdisciplinary education do not have 
even that questionable point of tflnglble reference. ITie Trl-county 
Project, through Its extensive coding and retrieval systems, permits 
uelection of goals in terms of various combinations of subject matter, 
educational level, types of knowledge and process, career education pro- 
gram goals, concepts and values, and index words. This system provides 
Important cues for Interdisciplinary planning. The goals, although 
printed in subject collections such as science, social science, mathe= 
matics, music, etc., may be related and grouped in and across subjects 
through computer retrieval by requeatlng those goals bearing one or more 
of the seven code parameters. Thus, for Bsample, a teacher interested In 
a unit on marine biology can request goals dealing with related concepts 
in science, social science, language, mathematics, or any other subject 
field. 

A final use of this collection is for long-range planni na and system- 
atic control of educational development . The past few years in education 
have demonstrated that few results of experimentation and development 
are transportable. The inability of educators to define clear, unambigu- 
ous statements of desired learning outcomes is an important underlying 
cause. The Trl-county Project is •establishing sets of goals that may be 
used CDnslstently for instructional planning and evaluation. The sets 
are open and are added to each time teachers or .curriculum planners speci- 
fy appropriate learnings not repreaented in the original collections. 
However, any stacement admitced to the collection undergoes a rigorous 
process of statement, definition, and coding to insure that its utility 
to teachers is equal to goals already in the collection. 
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•'lie.sti cullaccions will supporc all ciirricui drw-^'l .jpn^-nt acu.ivl:: i.u. 
in the Portland School Syatcn within a /ear o.- two, an<l in v.mvy oi:h&r 
fschool cliatrlcCd In the CrL-county nrea ns well. TIu» .sLabiliftv Lhi.;; wlIL 
provide uducat tonal aKperlrnen Cation and develupment ia nppanjnt, rht 
power ot' s„he goal coLlecCions i-hetns elves In promoL ing i;CK)d ediicaciunal 
planning and the c-ase and convenience it affords Ceachera f.n chat plan- 
ning is equally evident. 

Other uses can be cited, but districts will discover these. In all 
of Che above activities, districts are invited and encouraged to use the 
colleccion selectively and to add their own goals wherever this coUaction 
is insufficient to their needs. We hope that where chey do add and modiCy, 
they will use the feedback forma and contribute to the expansion and 
inprovoment of the original colleccion. 

Will help be availa ble for evaluating the attalnmBnt .if 'he »>oaL'^ in this 
collection? . ~ -— — — ■ — 

The principal measuremant-related product soughc by Che project devel- 
opers is a set of test itams relaced to each course goal. This set is to 
be so comprehensive that any teacher who selects a course goal and trans- 
lates It into one or more Instructional goals will be able to retrieve 
items, or at ieast examples of Items, appropriate to assess the attaltimBnt 
of hi.s instructional goals. 

The Project is beglntting to define Qvaluation models appropriato for 
assessnient of goals In each of the classes of knowledge and procesa. These 
models will be used to guide both psychomatrlclans and teachers in the 
development of criterion referenced test Items appropriate for measuring 
each type of knowledge and process. Teachars using the course goals during 
the period the items are being developed will be asked to supply copies of 
their periodic and final examlnaclons to provide materials for a comprehen- 
^ nUe set of teat Items. Teacher aids for test itum dovelopmene Imsed on 
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th# dlffermnt goal types are being preparsd to insure the quality of 
the Iten bank. As soon as thearetleal foriQulationa rglatlng to valueip 
generalisations j and concapta are raflned and emsiitent^ similar work 
will begin in developing evaluation modals and itiM for those glasses 
of learning* This work should take two to five years to complete i 
depending on resources* 

Is this the final version of the^rogram and course goals? 

No* In the development of both the program and the course goals ^ an 
effort was made to make them comprehensive j realistic ^ and ItEnedlataly 
applicable to schools as they are currently organized* At the same time, 
these goals and the taKonomy are to be revlaed and improved as they are 
subjected to use and scrutiny by teachers and curricula personnel* nils 
is to be accomplished through the feedback Initrimant distributed with 
these goals* 

As time passes s new goale will be called for. For this reason a 
provision Is being made for the continual review and revision of the goals ■ 
This will be largely dependent on feedback from the field* ThuCj what is 
being created is a complete^ dynmlCj open system for goal-based learning 
and evaluation* Such a system will be a useful resource to all those seek** 
ing to Improve their understanding of what should be learned, how it should 
be learned, and how evaluated. 
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How to read and Interpret the materials in chia goal collection . 

Following this Introduction there are four sets of indexes for retrieving 
course goals (Indicated by four different colors): subjact matter taxonomy, 
pink; knowledge and process classif Icatlone , yellow; subject area program goals, 
blue; and career aducation program goals, green. 

Codes on the course goals refer to the materials on the colored pages. The 
colors are to help you find the meaning of a code found beside a course goal. 
Below Is a deicrlption of how to read and interpret a page of course goals and 
its codes. 

The bulk of the pages in this collection are taken up with the course goals 
themselves and their codes. Since our aim here Is to learn how to read, Inter- 
pret, and use these goals, let us look at and discuss a sample page of them 
taken from the music collection. The format of the page Is the same for the 
mathematics collection. (Please see followini page.) 

The number headings of the left hand column (4. Listening to Music and 
4.2 Responses) are those sections and subsections of the subject matter taxonomy 
under which the goals on this page are classified. The subject matter taxonOTiy 
which is to be found on the pink pages In the front of the book serves as a 
table of contents for this collection. 

By looking through the taxonomy, a user can find what topics are covered 
and can turn to those In which he is interested. Also, the headings may be used 
along with one or mora of the other codes to retrieve subsets of goals from the 
computerized storage system. Finally, the taxonomies form a comprehensive but 
brief overview of the topics in each subject area judged important in K-12 
curricula. As such, they form a valuable and convenient tool for curriculum 
and materials review and planning. 

The next thing we note In colunm (1) under the heading "4.2 Responses 
(cent,)" are the Course Goals themselves. Some goals in this column have a 
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MUSIC 



(1) 

4, Listening to Music 



COURSE COALS 



4^2 Responses (contO 

The student knows that the ability to 
ligten effectively can be aequlred 
through attention to ipeclfics and 
through oxperiences. 

The student knows reasons why musical 
appreciation requirGS an audlcory im- 
pression Co be retained in the memory 
(l.e.j the compoaltion cannot be seen 
in Its entirety, as is possible in the 
viiual arts) , 

Tlie student knows that auditory impres- 
jlon is retained 1^ the memory through 
attention, repetitions and familiarity- 

The student knows that the greater his 
knowledge of ihusIg, the more he can 
listen for and the greater his poten- 
tial for enjoyrnent* 



Hie itudenc is able to direct his atten 
tion toward specific factors in the 
muiic (e.g,, mood^ Styles subject mat- 
ter, tonality^ Instrumentation), 

The student is able to dlstlnguiih 
ipeciflc factors in music he hears 
(e.g., characteriatici of melody, 
structural organization^ expressive 
eharaeterlitlcs) * 

The student knows that his knowledge of 
the conventions of music establlghes 
expectancies in the listening process • 




I U H 



I U H 



I U H 



U H 



U H 



P I U H 



I U H 



G2 
K8 



K7 
K8 



K3 
K8 



C2 
K3 
KB 



P33 
P62 
P65 



P33 
p45 



K2 
K8 
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braeket to cheir left. The goals inside the brackec are logically related 
and niay be viewed as a unit. 

The coluim (2) on the page as we move from left to right is headed 
"^evel P/l/U/H'' (primary, intermediate^ upper, and higher). This code pro- ' 
vides the teacher or curriculum planner an estimate of the level or levels 
at which the learning is appropriate. Many times the nature of ' the goal 
suggests continued learning over several levels, in which case all levels 
involved are coded* These indications of level are suggestive only, for it 
is evident that the appropriate time for learning varies with the interests 
and abilities of students. 

The third column (3) is headed " Knowledg e or Process Classif icatioug . 
Tho classifications referred to are described at the front of the book on 
the yellow pages. All goals are roughly classified as knowledge or process 
depending upon whether they deal with aomethlng that is to be known or some- 
thing the student 1^ able to do. All goals, therefore, begin with the words, 
"The student knows.,." or "The student is able to*,," 

The familiar knowledge/process distinction Is further subdlvldt^d into 
twelve knowledge and seventy-nine process categories to which all course 
goals have been coded. It will be noted that theae classifications owe a 
partial debt to earlier researchers; notably, Benjamin Bloom, David Krathwohl, 
Robert Glaser, Henry Walbess^r, and Ralph Tyler in Education; Robert Gagne and 
Robert Miller in Psychology I Jean Plaget and Jerome Bruner In Child Development 
and others. 

At this point the reader may question the reason for the rather detailed 
and elaborate system of classifying educational outcomes that has evolved 
during the Project. We have found that providing teachers with these classi* 
ficatlon systems has resulted in a more crltleal approach to the writing of 
goale, A teacher In attempting to place a goal in its appropriate category 



may find chac its indent is clearly related Co one of che catugories but 
its form of expresaion does not inmiediateLy identify it with that category^ 
By rewording the goal, the teacher brings the true intent of the goal into 
sharper focus, and in almost every instance improves its meaning and clarity. 
Wa have also found that the detailed classifying of knowledge and process goals 
provider insight into alternative ways of using them for ceaching and GValuatlori, 
For example, the G2 and K8 beside the first goal on the preceding page indicate 
that it may be taught and evaluated either as a simple generalization (G2) or 
BB a goal about the causes of effective listening (K8) . Finally, work has 
already begun in analyzing and suggesting to teachers thB types of measurement 
appropriate for each type of knowledge goal. This work will be extended to 
process learning as rapidly &b resources permit, 

Column (4) on the page is headed " Sublect Area Program Goals .'' In this 
column we find the number of one or more of ^ the program goals found In the 
front of this book on the blue pages. The definition of this type of goal and 
Its relation to course goals was discussed earlier. Here it is enough to re- 
call that program goals are more general than cgurse goals and that a set of 
program goals should constitute a descriptton of the major overall learning 
outcomes expected from a program* Each course goal is cross coded to the 
program goal(s) to whose attalnjnent it is most directly related* 

Colmnn (5) on the page is headed " Career Education Program Goals ." In 
this colunm we may find the code of one or more of the career education pro- 
gram goals found in the front of the book on the green pages. Career educa- 

i 

tion, as envisioned by the coders, concerns the total life of an individual ^ 
including day-to-day living^ vocationj avocation, and lelaure. Nearly every 
course goal bears at least an indirect relationship to career education viewed 
in that Mnner. Only those course goals, however, which have a ^'direct?' rela- 
tionship to a career aducation program goal have been coded to that program 
ERIC goal. 



-15- 

A "direcc" relationihip was interpreted to exist between a coursa goal 
and a career education program goal If a teachar could easily and naturally 
attach some career meaning to the instructlona relating to that course goal 
and thus readily integrate the teaching of caraer education Into teaching his 
subject. The restriction of the codings to direct relationships as just de- 
fined means that codings to career education program goals are relatively rare 
in the goals written under the more detallad and technical parts of a subject* 
taxonoray. In these relatively specific and technical areas, Career Education 
Program Goal 5a, which deals with the basic skills neeessary for job entry and 
is found only in process goals, is often the only code found in this fifth 
eolumn. This ±b even more true In the mathematics collection than in the 
cellactioni in some of the other subject matter areas. Since mathematics is 
basic to so many aspects of career education, it Is especially difficult to 
slngl<! ^mt special goals as being more directly related than others to program 
goals of career education. Therefore, except for a few goals which deal expll^ 
cltly with careers in the latter sections of goals, 5a is used almost exclu- 
slvely in this critique's collection to cross code to career education. The 
validity and possible extensions of this approach to Integrating mathematics 
and career education will continue to be explored by the Project* 

A reader should not assume that because a course goal is cross coded to 
a career education program goal that he should make an effort to relate it 
to that aspect of career education in every case. That ia up to himself and 
the pollclei to which he is responslbla. This coding provides suggestions^ 
not prescriptions for curriculum planning and teaching. 

A teacher may use this coding as a help to Integrating a discipline and 
career education and vice versa, by asking himself the following question: 
"When I Ml teaching this goal, la there some aspect of career education that 
can be uaefully and naturally brought to the attention, of my studente?" The 
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cross coding, vhere ic appeaifs, suggesce chere nay be ana whac che aspecc 
is. 

The career education code used with these goal colleccions makes them 
the first operacional resource for "iritegrating career education and the 
rest of Che curricula." Naturally a great deal of work has to bi. done co 
refine and extend the beginning which the present crois codings represent. 

The coding " Other Related Content Taxonomy Headings " under coluian (6) 
is provided sinca goals are often rightly classified under more than one sub- 
ject heading. The numljers in this column refer to the taxonomy on the pink 
pages at the front of the book. For purposes of computer retrieval, it is 
possible to request all goals which deal with a particular subject heading, 
and to extract not only the goals placed under that heading, but also all 
other goals cross -referenced to It wherever they are located in the collec- 
tion. While this capability presently exists only within a subject field, ' 
it later will be provided among subject fields. 

Column (7) on this page la headed "( C) Concept/ (VI. V2) Value Words ." 
lliis form of code la one of the newest and potentially most useful ways to 
describe and retrieve seta of goals, especially for interdlseipllnary learn- 
ing. Although explicitly singling out the concepts and values dealt with in 
goals is theoretically very interesting and useful, in practice it is very 
.difficult since no valid lists of such concepts and values exist in the var- 
ious subject areas. Accordingly, the codings applied in this critique edition 
should be viewed as experimental attempts made to solicit constructive criticism 
Those who feel that a goal deals with a concept or value according to the defini 
tlons and procedures described below and do not find it coded are invited to so 
inforni the revision committees through the feedback forms provided with this 
collection. 
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Words choien Co eharacterize values and concepts repreaent residuals of 
experience chat influence the way Indlvlduala perceive and behavs. Thus, the 
word freedom connotes certain behaviors asaoclated with the ideal state. Like- 
wise, a word like honesty characterizes a set of behaviors which viewed from a 
societal perspeecive characteriges an individual as honest. From an educator's 
point of view, the only resources available to help students acquire tha desired 
concepts and behavioral tendencies are the knowledge and process learnings 

planned for and with students. 

The word designating the niajqr concepts to which a goal relates were 

written beside that goal in the seventh column. Words identifying concepts 

are preceded by "(C)" to distinguish them from the value words found in the 

same coluim. 

A glance through the subject taxonomy on the pink pages at the front of 
the book reveals many headings which themselves are concept words. These head- 
ings have not been repeated as concept words on every goal under that heading, 
but only on those goals which bear the most direct and general relationship to 
the concept designated. 

Especially important In considering the nature of values la the distinc- 
tion between the instrumental proeesflas of clarifying and forming values CV2) 
and values as end products to be Inculcated and strlved toward (VI). The 
curricular and mathodologieal implications of teaching toward values as end 
products are entirely different from those concerned with the processes of 
value clariflcatlori and formation. 

In helping studentfl acquire and strive to attain values (VI), the educator 
muse rely upon teaching knowledge and skills that have a logical bearing upon 
these values. Wlisre he is concerned with the teaching of value clarification 
and fomation processas (V2) . he must teach such conventional skills as veri- 
^ fying Information, relating information to criteria, and other methods of 

clarifying personal and social values by which the clarification, interpretation. 
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and internalization of informacion can be accomplished* These are the same 
processes found in the Inquiry and Problein Solving Procesaes Classification 
on the yallow pages at the first of the book and are coded in column (3). 

TTie type of values coded In column (7) of this goal collection Is type 
(Vl), Where a goal may be used to inculcate or help a student attain a 
value j the value is named in this coluim and a "(VI)-' is written in front of 
it. Where a process related to value formation is dealt with in a goal^ it 
will be a process goal. The process will be indicated by the process coda In 
column (3) * 

The nature of matht :iatica has limited the number of (Vl) value codings 
in this colleccion. With few exceptions they are to be found in the final 
four sections of goals (8-11). Tha values inculcated and strlved coward In 
mathematics such as mathematical elegance, rationality, fidelity to logic, 
rigors etc*s for the most part underlie the subject matter of mathematics 
rather than being dealt with directly In its subject matter. The Project 
will continue to eKplore the relationship between mathematics and the very 
Important values it supports and ways to make their relationship eKpllclt. 

Another useful code is the Index Word , Although it does not appear on 
the printed page^ it Is keyed to each goal for retrieval In much the way doeu- 
mants are coded for retrieval In the familiar ERIC retrieval system. Users 
will have available lists of index words by discipline and across disciplines. 

A most important set of materials In thi.^ manual is the Feedback Instru - 
ment. This instrument calls for the minimum information we need from you, the 
user, if we are to refine and expand the collection and improve its value to 
all users. Additional input is welcomed by phone, word of mouth, carrier pigeon, 
etc., after you have discusoed and tried out this resource In your district. 
Ultimately, the success of the project is dependent on this input. 



SUBJECT MATTER TAXONOiVlY 



• 0 Nm^er systems 

1.1 Whole n^bers 

1.11 Addltlen { 

1.12 Subtraetion 

1.13 Multiplication 

1.14 Divliien 

1.15 CardlnEl ttmbBTB 

1.16 Ordinal use 
1*17 Ordering 

1*2 Integars 

1*21 Addition 
1#22 Subtraction 
1.23 Multiplication 
1*24 Division 
1*25 Abeolute Value 
1 * 26 Order 

1*3 Rational nmrtars, positive^ Eero^ and negative 
1*31 Addition 

1.32 Subtraction 

1 . 33 >fiiltlpllcatlon 

1.34 Division 

1.35 Absolute Value 
1 . 3fi Order 

1.37 Ratio, proportlonp and percent 



1,4 Real ninnbers 

1.41 Opera t ions 

1.42 Absolute Value 

1.43 Order 

1.44 Limits and oequences 
1*5 Complex numbsrs 

1-6 Matrices and determinants 

1.7 Vectors 

1.8 Algebraic EKpreeslons 
lp81 Polynomials 

1*82 RatioMixaKpressiona 

2*0 Numeration 

2*1 Base lyitems 

2.2 Dectaial systems 

2.3 Other systemi 

2.4 Scientific and eKponential notation 
2*5 Rational number namai 

2-6 Nu^er theory 
3,0 tfathamatical sentences and their solutions 
3,1 Equalities 
3 * 2 Inequa 1 it ies 
3.3 Systems 

3 #4 Word problems and applications 
4*0 Relations and functions 

4.1 Mapping 

4.2 Inversa relationa and functions 

4.3 Algebraic functions 




4.4 EKponential functioni 



4.5 Logarithmic functions 

4.6 Trigonometric (Gireular) functions 
4*7 Probability functions 

4»8 Other functloni 
5.0 Geomecry 

5.1 Plana and space 

5 . 2 Coordinate' geometry 

5.3 Transformational geometry 
5i4 Oth^r geometries 

6*0 Maaauremant 

6.1 Systeme and categories 
6*2 Accuracy 

6*3 Meaaurement instrimients 
7*0 Sets 

7 • 1 Terminology 

7.2 Operations on sets 
8,0 Logic 

8 * 1 Terminology 

8.2 Statements 

8 . 3 Res ioning 

8.4 Abitract mathenatlcal systama 
9.0 Probability and statistics 

9.1 Sampllna and data collection 

9.2 Mea^iures 

9.3 Cot^inatorlal 

9.4 Probability theory 

9.5 Interpratatlon 



10.0 History of Matheramtlcs 
10*1 Early Period 

10.2 Graco-Ronmn Period 

10.3 Middle Age Period 
10*4 Modern Parlod 

11,0 Computational Devices 
11 # 1 Computers 

11.2 Slide Rules 

11.3 Other Devices 



KNOWLEDGE 

AND 
PROCESS 
CLASSIFICATIONS 



-Knowledge Citcigorias- 



CI PrinGipals and Laws 
G2 Simple Generalisations 

Conventions: Narres and Nomenclatura 



Kl 
K2 

K3 



Conventions I Symbols, Rules, Standardized Processes, 
Definitions 

Properties, Parts, Chnracteristics, Features, Elements, 
Dimensions 



K4 Trends and Saquences 

K5 Similarities and Differences, Discriminations^ Clasai- 
fications 

K6 Contexts, Locations, and Orientations 

K7 Operations , Methods of Dealing with. Functions 

K8 Cause and Effect Relationships (Costs and Benefits) 

K9 Criteria or Standards 

KIO Non Cause-Effect Relationships 

-Inquiry-Problem Solving Processes- 

PI Input Acquiring Information 

Pll Viewing 

P12 Hearing 

P13 Feeling (tactile) 

P14 Smelling 

Pl5 Tasting 

Pl6 Using sense extenders 

P2 Input Insuring Validity and Adequacy 

Verification 

P21 Evaluating authoritativeness of sources 
P22 Evaluating logical consistency and accuracy 
P23 Evaluating relevance to desired learning purposes 
P24 Evaluating adequacy for acting or deciding 
(comprehensiveneas and depth) 



Organising Information 



PJ] Labeling, naming^ mmiberlng, coding 

P32 Rc^cgrding, listing 

P33 Classifying, categoric tng , grouping, salacting^ 

according to criteria 

P34 Order ing , s oquenc ing 

P35 >Ianipulating, arranging, Cranifprming^ computing 

P36 Estimating 

P37 Surrmarizing, absdraccing 

rrocasslng I Interprating InforraattQn (drawing meaning frcm data) 

P41 Decoding verbal and non-verbal symbols 

(reading and literal trans lattng) 

P42 Inferring, interpolating^ extrapolating 

P43 Analyzing 

P44 Associating^ relating, equating 

P4S Comparing, contrasting, discriminating 

P46 Synthesizing 

P47 Testing against standards or criteria 

P48 Genera 1 i^ ing 

Processin!^ II Using infomation to Produce New Information 

P51 Theorizing, predicting 

P52 Formulating hypotheses 

P53 Testing hypothesas 

P54 Revising hypotheses 

Output I Acting on the Basis of Information 

P61 Reacting 

P62 Making deqlilons 

Pfi3 Solving problama 

P64 Reatructurlng values (adapting, modifying) 

P65 Raatructurlng behavior (adapting, modifying) 

pes Encoding verbal and non-verbal eymbqls prior 

to conmunicatign 

P67 Creating on the basis of knowledge and process 

Output II Coimunlcating InfonnatlQii 

P71 Vocalising (non-verbal) 

P72 Gesturing 3 moving 

P73 Touching 

P74 Speaking 

P75 Writing 

P76 Using art media (painting, drawing, sculpting, 

construating, etc * ). 

'P77 Dranmtiging ■ 

P78 Singing J playing Instruments 

P79 Dancing 



SUBJECT AREA 
PROGRAM GOALS 



MTHH^ATiCS PROGKAW GOALS 



The scudenn knows and la able to use the symbols; , elements, operations, 
and structure of the following number systems- whole numbers, integers, 
rational numbers, real nmiibers, complax nimbers and other systems, both 
finite and infinite, ✓ » 

a. The student is able to use the language and syraboliBm of seta to 
express properties of mimbar and nmaber oparations, points, 
objects, and ideas and relationahips among them. 

b. The student knows that numbers or algebraic express ions may be 
wTitcen in many forms and is able to rewrite them from one form 
to another, 

c. The student is abla to use the properties of equality and inequal- 
ity to relate nimbers, 

d. The student knows rte properties of and relationships among the 
tundamental operations. 

e. nie student Is able to compute with accuracy and efficiency in 
operating with nmnbers and expressions. 

The student 1, able to use the concept of "function" as defined 
mth^tJe^I'- ' interrelating concepts, topics, and branches of 

a. The student is able to use graphs, tables, algebraic or trig- 
onometric sentences to show the relationship between two sets 

ot numbers or elements other than nmbers. and is able to iden- 
tiry relationships that are mathematical functions. 

b. The student Is able to use the knowledge of "function" as repre- 
«n?,.f? - f aphs, tables, and math^tieal statements for the 
solution of real and simulated problems. 



^' f '° interpret graphs and tables 

round In magaaines, newspapers, bulletins, and reports. 

SLu^inf 'a^n? t^^« Wstorioal and cultural development of counting, 
measuring, and of mathematical symbols and systems. 

t^^hffofitL^ni' '° inathematical symbols, system, and operations 
CO cne solution of quantitative problems. 

^' ^Jblemf*"' ^^'^^^ ^ quantitative 

^' '^kl^'^T^,^^ -° translate a problem situation Into a 

"TT'^ °^ ^ ^°l^"on for the model. 

tMs Brobl "^'^^"^""^^ sol-.tlon In th«, conteKt of 

Cftia problem aicuatlon. 



The student knows and is able to apply tha propertiti of gediaetrie 
£ Igurefl • 



a* The student is abls to associate a nm^er called length with a 
line se^^ntj a nuu^er called area with a closed surface^ and a 
nxmhmT called volxmm with a closed surface and its interior, 

b. Hie student is able to visualise or appro^clmate distances and 
locations in space* 

c. The gtudent ±b able to describe point sets algebraically and 
algebraic sentences geometrically using a coordinate space* 

d. The student is able to use inductive and deductive reasoning to 
derive geomgtric properties * 

e* The student is able to use properties of geometric figures in 
solving real and simulated problems. 

The Btudant is able to use logic s^^ols and operations in solving 

problems Involving logical Inferences. 

a* The student is able to synthesiza rules of Icgic to prove or 
dlgprove statements, 

b. The student Is able to recognise instances of the use of faulty 
logic* 

c* The student is able to naake valid generalisations from specific 
instances. 

d* The student is able to organise logical argtments. 

The student knows and la able to use the mathematics of probability and 
statistics. 

a* Tho student la able to collect and tabulate data, confute itatistical 
iadiotB descriptive of the data, and Interpret the data gathered* 

b* The student Is able to decide which statistical Indices and graphi- 
cal representations are most suitable for a given situation. 

c. The student Is able to mke probabilistic infarencei frOT statistics. 

d. The student is able to recognise misuse of statistics* 



The student is able to select and use support technolo^ such as calcula- 
tors, computers p and slide rules In the solution of ffiathematical problems 
and problems %Aich require mtheffiatlcal solutions. 



The student is able to measure things t^ich are quantitatively 
descrlbable. 



Tht etudeat is able to use conventional units of measurement and 
select the unit of measuremant which Is moit appropriate and effi- 
cient for a particular purpoie. 

The student Is able to cOTmunleate using measuremant ideas and 
terminolo^. 



CAREER EDUCATION 
PROGRA/Vl GOALS 



CAREER EDUCATION PROGRAM GOALS 



Awareness ^ Exploration Preparation 
7-10 11^12 



1. Attitudes and Values 
Toward Self and Others 

2, Attitudes and Values 
Toward Work 

3^ Career Education and 
the Total Curriculum 

4, Carear Exploration 

5, Career Preparation 

6, Career Placement and 
Bnployment 



X 
X 



X 
X 
X 



X 
X 
X 



Regardleii of the Instructional level at which 
each group of prografEi goals is introduced, 
continuous development and relnforcQftent through 
the remaining years of education is expected. 



iaccory int crpor^on/il rulatiion-irn ■j:^ v/ii.n c^.ployiir:^ and fellow 

worker ;J ^ 

2. ktLitudos and Valiios Vov/^Lrcl Wortc 

iu The pl/u^.ciu. kaov/s l?;.! puriior.al, Aocj,sl, Cfconoiiiic, anci political 
rcasov-s for v;ori^ in our £;ocl0i:y, ' 

Kivc-r. -i^Ls CO L:\a rcquira^ ro^jponsi^Dilir: ios from its par cicipnnn?? . 

^^'^^^ ^^cugonL Hcno^^^ i.^ our so^iuuy ho Is dependent on the goods 

and riorvicc:^ oi ocr.ury .'or his \7C'irr.ru and survival. 

J. CCiruar jJJmcw.LjUu i^n^I ^he VoLiJil Cur r ; L;u..u;n 

a. ^-nc studcn:^ k;;ow/^ bkill In j jb uKplora L'ioa, ncileccion, and 

preparation can la:xd to conuiiiuir- caroc^r anhancom^nt: and por^onal 
ful. f ILln^unc . 

i'^"^ ^tuden- knouo vha phy^ica: L.rin psychola-jical reasons for sock- 
ing a bal^iiiicii bacwaon v/ortc ^nd luisuru activicicji, 

4, Ct^rcicr EMplori:cion 

The SLddure kno^/a chn imjor ructora mcz -ay efface his cara^v 
oppovcunixio'j find aeaisioni^ (o,-., physical, social, economic, 
eauca^ionalj cultural, and tccAmolo^ic&l) , 



Vno r.cudci-,i Knuw;. zhav indivlduaiu can l^arn co funccion cffoc- 
civaiy ia £i variecy of □L^cunaLioiis . 



<1. 'rtio .LuJ.nt: know, chat: ev.ry career ha. en^rv, perf ortnance, 
plmiical, attitudiual, and educational roquiramkcs. ' 

0. The scudent knows c:hat career chaic« nmy help dotormiae friend-^ 
associatos, and status in cho cormmmity. " " '•"'^"^-^ 

f. The student is able to select a tentativa carear choice, bas.d 
upon eKploraCion of a wide variety of occupationa." ^ 

fi. The student knows that carGsr choice affects the amount and type 
of Uisura activity that may be pursued. 

. Career Preparation 

lehavJorf' "-'-i' '° ""^ ^PP^y t'^^ basic skills and 

behaviors required to perform one or mora entry level jobs. 

I^pr"r?ata to ^ " ^^fj^^ following organisational akiUs 
.ippropriate to tne career of his choicei 

I. identify the objeceives of a task 

^. specify the resources required 

3. outUne the steps necessary for coniDletion 

4- perform the actual operations 

J. evaluate the final product 

Career Placement and toployraent 

a. The student is able to make an agsesisinenc of the labor market tn 
determine opportunities that will advance his career: " 

gradfulor'th" nh' ^^""""-^ ORPOrtunltle. th.t exist beyond 
deveLjLn" ^ °f c.rear akiUs and his personal 



COURSE GOALS 



ERIC 



1„ 

; ■ U 



• . f L -n;^n.L:. "n^ sac: i 



U A 



iv3 



K2 
i(7 



'""he H V. Lid CI. it k:' 



lau O;.-- .i^ioii^ J 



LM)fCaLiDn.ti are jier lorvned , 



P 1 U H 



P I IJ M 



[C ^ 



!.u":!v.-jl';. :,o>;n ;i!5 braces, brcclc..";:?, , and 



K2 



K2 
K4 
K7 



I' I u 1! i Kl; i Ui 



V:1J til 



uniquu clemunfc w:;.::hiri tnLj ic^c. 



i<3 



; ... 




C 



T [.: [i 



eieircni prDciutUi;;i thu given aifi^mant. 



fm invuirstj ciic-mmt:, tu^n aii opera r: ion 
wiLh an criemanL i; lih^it: r^at; £ind ith^ 
Invt'i'^ii,! pi'odycciy Lhi; identity taQmeUL 
for tho fciiJL, 



U2 

K2 
K7 



i. Aimiber Systems 



COURSE COAU 



I. Number Syatema (Cone.) 

TittS scudent is able to apply the nimber 
propercies as an aid to simplify compu- 
taL-ion (includirig grouping of tens in 
addition^ quick racognition of zero 
iaccors or dividends) . 

Tho RCudent knows die properuias of 
major mathamatical systems including 
group, ^ integral domain^ ^ing^ and 
field. 

I'ha scudent is able Co determina 
whether a sysUem satisfies the proper- 
Citjs for a particular mathematical 
structure (including group, ring, and 
field). 

^rlie student knows tha definition of the 
reflexive, symmetric, and transitive 
properties . 



The student knows that for two elements 
a and b of a set of numbers, one and 
only one of the following is true: 
a^bja<b, ora>b. (Trichotomy Law) 

The student knows the nmnber linQ is a 
symbolic representation of the set of 
real mmibera* 

THq student knows that a set is dense if 
for any two elemenCs a and b, there 
is an element between a and b. 

The student knows that cardinal number 
refers to the number of olements of a 
set whereas ordinal number refers to 
position in an ordered set. 




(C) Equivalence 



(C)Ninnber 5 

relationships 



(C) Cardinality 
(C)Ordinality 



MATiiEMATICS 



CCURSE GOALS 



L . i Who Ig umbers 

The ycucitmt: knows the set: of wnole num- 
iieirs is an infinite set that: can ba 

roprestintad by ^0, 1^ 2, 3 ... ^ . 

Tlio stiudeiit knows chu sec of natural 
(ciniiicing) number a /l^ 2^ 3, is 
ri sub.se t 0 1 the sac oi whole n™bors ■ 



} 




TijM HLudunt knows tho sor of whole 
nuiiibc^r^^ noc d^nsci nincci there is no 
wiioii' ntmibt-r bGtwaan two eonBecutivG 
wlio La ruiiiibers . 

Tlii! J. ciidcinL knows chat chare* aro many 
nnrnus lor th^ same whole numboir (a.g,^ 
26, 20 + 6^ twanty-siK, XXVI), 

Tno student knows cacn elaniant of the 
Hat i)L wholt^ numbers has a successors 

i^^-. {o, 1. 2, 3, - 

{o. 0 4^ 1, 



1 U 11 



1 + 1 



> 2 + 1;^ ... , 



The student kno^^rs that th& set of whole 
numbor^ may be reprcsanted on a numbar 
line . 

Tha studi^nt is able to locatG the set of 
whole numbers on the nimber line. 

Thci studGnt is able to rapresent matha 
nkntical opeiratlons with whole nmnbers on 
a number line, 
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1,1 Whole Numbers fCont,) 

The studant knows that the identity 
elements for the set of whole nmnbers 
are 1 for Tnultiplication and 0 for 
addition. 

The studGnt knows addition=subtrac tlon 
and niultiplication-divislon are inverse 
operations in the set of whole nimbers . 



The student knows that In the sat of 
whole numbera che four fundamental 
operations are well-defined since a 
unique result of the operation is in the 
set . 

The student knows the four fundamental 
operations may be represented by combin- 
ing or partitioning aets. 

The student is able to use proper tiea 
of niffliber, numeration, and operations 
to derive some computational algorithm 
of His own. 



The sEudent is able to estimate whether 
a B\m, difference, product, or quotient 
is reasonable. 
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\ .11 Addition 

The student knows the additiva combina- 
tions of the whole numbers "0" through 

The student knows ways in which addition 
is defined (including counting, combin- 
ing of sets, displacement on a nLnnber 
line) . 

Tlie studenc knows the set of whole nmi- 
bers wich respact to addition is closed, 
coimnutn tive , associative and that 
multiplication Is distributive over 
addition. 

The student is able to rGgroup (carry- 
ing) in addition. 

The student knows that Qnly places of 
like value may be added. 



The student is able to add whole nimbers 
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1.12 Subtrac t ion 



Tiie student knows the subtraction eom- 
binations of cha whole nimberi 1 throueh 
9. " 



The student knows ways in which subtract 
tion is defined (including as the 
inverse of addition, finding a missing 
addend^ partitioning of sets). 

Ihe studetit knows that in the set of 
whole numbers the propertias of closure, 
cDmutativity and aisociativity are not' 
valid for subtraction* 

The student is abl© to regroup (borrow- 
ing) in subtraction. 

The student is able to use rules of 
place value and ragrouping to subtract 
who le number 5 . 

The student is able Co check Subtraction 
of whole numbers by addition. 
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The student Is able to subtract whole 
numbers. 
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1.13 Multiplication 



The student: knows the basic rules of 
mulclplicacion in the set of whole 
numbers (includiag multiplying by 10, 
100, 1000) . 
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The student knows that in the setof lUH 
whole numbers multiplication may be 
defined as repeaCed addition 
(4x2=4 + 4^2 + 2+ 2 + 2). 

The student knows that In the aet of P 1 U H 

whole numbers multiplication is closed, 
coiranutativej associative, and distri- 
butive over addition* 
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The scudenc knows that the product of 
two whole numbers 5 a and b, is zero, 
if and only if, a or b 



IS 2;ero, 



The student knows an algorithm for 
multiplication in the set of whole 
numbers * 
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The student is able to multiply whole 
numbers * 
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The student is able to check the accur^ 
acy of a product (including the use of 
the comnutative property, distributive 
property, inverse operations, repeated 
addition) , ....... 
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1.14 Division 

The student knows the invarse relations 
of the multiplication tables. 



A student knows that division of ^hola 
numbers may be defined as repeated 
subtraGtion or as the inversa of multl 
plication. 



me student knows that for whole numbers 
a, and c, a r b - 
c ' b ^ a and b # 0, 



if and only if 



The student knows chat in the set 
whole nunibersj division by zero i 
undefined. 



ThB student knows that in the set of 
whole numbers the properttei of closure 
conmiutativity and associativity are not 
valid for division* 

The student knows an algorithm for 
divialpn of whole numbers. 



Th^. student is able to divide whole 
numbers . 



The student is able to check the aecur 
acy of a quotient (using inverse opera 
tiona, repeated aubtraction, applying 
the distributive property). 
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1^15 Cardinal Numbers 

The student knows that a cardinal ninn- 
ber tells how many □bjecta a set 
contains , 

The student kno^^s that there may be 
several ways to count the members □£ a 
set but there is only one cardinal num- 
ber for the set* 

The student knows that counting Is 
matching an ordered number nama to 
each member of a set. 

student is able to count members of 
a set by naming a one-to-one correspon- 
dence betv7een number names and members 
(elemants) of a set* 

The student is able to count by 
^multiples (e.g., by 10*s), 



The atudent is able to abstrac. the 
cardinal nianber of certain sets without 
CO anting. 

The student knows that equivalent seta 
are those whose members can be placed 
in a one-to-one correspondence. 

The student knows that '^greater than'' 
and ■■less than'- are relations defined 
for the cardinal numbers of sets. 
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1 ■ 16 Ordinal Use 



The student knowa that an ordinal nimber 
refers to the position of one object in 
an ordered set. 



The student knows the vocabulary used to 
describe the pDSition of a nimiber In an 
ordered set (e.g., first, second, third) 



The student is able tp use ordinal num- 
bers to develop a one-to-one corraspon- 
dence between ordered sets. 

The student is able to match tha ordinal 
number name associated with each cardi- 
nal number. 
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1*17 Ordering 

The student knows the nieaning of those 
symbols associated with ordering 
(including < ^ > ^ <, > ) - 

The student knows that for whole niraibers 
a and b, (a b), a is greater than 
b if b can be subtracted froin a 
(i ,e . J 6 > 4 since 6-4^2)* 

TJie student knows that for wholm nimbers 
a and b, a > b if and only if 
a - b > 0. 



The student knows that for any two whole, 
numbers a and b, exactly one of the 
following is true: a^ b, a < b, or 
a > b (Trichotomy Law) . 

The student knows that the set of whole 
numbers^ when represented on a number 
line, are in aaeending order of magni- 
tude from left to right. 



The student is able to order a aet of 
whole numbers. 
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1.2 Integars 



The scudent kno^^s that the set of Inc^ 
gars is the union of the set of whola 
numbers and their opposites 

-3, ^2, -1, 0, 1, 2, 3, 



The student knows that any integer is 
positive, negative, or zero. 

Tlie student knows that the sad of Inta. 
gars is not dense since between two 
consecutive incegers there does not 
exist another integer. 

The student knows that the symbols "+" 
and may be used to name integers 
as well as to indicate mathematical 
operations. 

The student knows that a raised + or 
- sign with a nuineral indicates a posi- 
tive or negative nuinbar C+S, positive 
six; 6, negative six) . 

The student knows that those properties, I 
definitions, and computation facts valid 
for the set of whole nimbars are also 
valid for the set of integers. 
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The student knows the identity elemants 
in the set of integars are 0 
addition, l 



iior 

for rnultiplication. 



The student knows that two integers are 
additive inverses Copposites) of each 
other when their sum is zero. 



The student knows that zero is its own 
adrt-ff-^i's Inverse, 
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.1.2 Integers 



The scudent knp^^s that on a nxmher line 
representing . the set of integers, the 
negative integers decrease from zbvo to 
the left and the positive Integers 
increasa from zero to the right. 

The student Is able to locate the set 
of integers on a number line. 

The student is able to reprasent ma the ^ 
matical operations with integers on a 
number line* 
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The student knov^s that in the set of 
indegers addition is closed, aonmiutative 
and associative. 

The student knows that for every integer^ 
a, there exists an integer, "a, called 
iCa additive inverse such that 
a + 'a ^ 0, 

The student knows that the sum of two 
integers, one positive and one negative, 
is the difference of their absolute 
values and has the sign of the integer 
with the greater absolute value. 

The student knows that the stm of two 
positive integers is the sum of their 
absolute values and la pDsitive* 

The student knows that the sum of two 
negative integers is the sum of their 
absolute values and is negative* 

The student ii able to add Integers. 
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1.22 Subtraction 

Hie student kno^s that subtracting an 
integer is the sanie as adding Its Oppo- 
site (additiva inverse) . 

The studant knowB that the difference, 
b, of twD integers a and b, is' 
th^ atrai of a and the □pposita (addi- 
ctive inverse) of b. 

ITie studenc knows that aubtraction la 
closed in the set of integers. 

The student knows that subtraction of 
integers is not conmiutativo or associa- 
tive . 

The student is able to subtract integers 
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1.23 Multiplication 

The atudant knows that multiplication of 
integers is closed, conmiutaclve ^ asso- 
ciative , and distributive over addition 

The gtudent knows that the product of 
two integers j both pDsitlve or both 
negative, is a positive integer. 

The student knows that the product of 
ti^o Integers J one positive and one nega» 
_tive5 is a negative intager\ 

The student knows that for a and b 
integers, the product a • b is zero If 
and orily if a or b is zero. 



Tha student ig able to multiply inte- 
gers. 
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I»24 Division 




The student knows that In the set of 
integers division is not closedj asso- 
ciative, or eonmutative. 

The student knows that in the set of 
integers, division by zero is undefined 

The student knows that the quotient of 
.two integarsj both positive or both 
negative, is positive* 

The student knows chat the quotient of 
two integers s one poaitive and one 
negative, is negative. 

The student is able Co divide integers. 
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1.25 Absoluta Value 

The student kno^s tliat [x ( is the symbo! 
for the absDlute value of 

The student knows that every integer 
has an absolute value and it is non-^ 
negative . 

Tlie student knoi^s that the absolute 
value of an integer if non-negative is 
that integer, and if negative^ the 
oppDsite of that Integer, 

The student knows that (xj ^ the absolute 
value of an integer .is k if x > 0 
^or if X < 0. 

The student knows that the absolute 
value of an integer may be represented 
as the distance frotn zero on a number 
line * 

The student is able to perform opera- 
tions or simplifications involving 
absolute value of Integers* 
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1.26 Order 

The studenc knows that the integers on a 
number line are nrdered according to tha 
dirs^ition and magnitude of their dis = 
tances from zero. 

The scudent knot^s that of two Integers 
represented on a number linaj the Dne on 
the right ia larger. 

The student knows that for Intagers a 
and b, a > b if and only if 
a - b ^ c and c > 0. ("9 is greater 
than "14 because "9 - ^l^- = 5^ 5 being 
positive) 



The student knows that the Trichotoniy 
Law is valid in the set of Integers 
(i.t.j for integers a, b: a < 
a> b 5 or a ^ b) . 

The student Is able to order integers. 
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1.3 Rational Numbers 3 Positive, Zero and 
Negative 

The sCudent knows that ^ rational nxmh&v 
is any number that can be named in the 

form ~p b # Oj when a and b 

integers . 



are 



Tlie student knows that the set of whole 
nmibers and the set of integers are 
subsets of the set of rational numbers. 

The student knows that any integer can 
be expressed in rational form 
a 

^ with b - 1. 

The student knows the three common forn^s 
of rational numbers are fraction^ deci- 
mal fraction (decimal) and pereent. 

The sf-udant knowa the definition of key 
terms aaeociated with rational numbers^ 
Including rational nimber, fraction^ 
nimierator, denominator ^ proper, impro- 
per, inixed numerals, repaating decimal 
and decimal fractions. 

The student knows that the properties , 
definitions, and computation facts valid 
for the set of integers are valid for 
the set of rational numbers. 

The student knows that the set of 
rational numbers is dense since between 
any two rational numbers there is 
^inother rational number. 



The student knows the multiplicative 
Inverse of a nonzero ratianal number b 

is i and that b 
b 
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1.3 Rational Nmbers, Positive, Zero and 




Nagatlve (Cont.) 

The student knows that the multiplica- 
tive inverse (reciprDcal) is defined for 
every rational number axcept zero, 

The student knows the identity elaments 
for addition (zero, 0) and multiplica- 
tion (one, 1) In the set of ratlpnal 
numbers * 

The student knows that In the set of 
rational nimiberi the product of two 
nunibers is zero if and only if one or 
both is zero. 

The student kno^s that the sat of ration 
al nLEibers is an ordered field. 



The student knows that the set of 
rational ntanbers correipond to points 
on a ntimber line. 

The student is able to locate the set 
of rational nimibers on a number linsp 

The student Is able to represent ma the 
matical operations with ratlDnal nimbera 
on a number line. 

The atudent knows that a number written 

in the form ^ with b # 0 Is in frac^ 
tional fora. 

The student knows that a numeral in the 
form ^ represents the quotient of 
a divided by b. (e.g,^ T ^ 3-^4) 
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1,3 Rational^N umbers. Positive, Zero and 
blegatlve (Cont.) " ~ 

Tha student knowB that a fractional nuni- 
ber has an infinite set of equivalent 
fractional names. 

. _ 2^ ^ 3 4 



The student knows equivalent fractions 
may be producGd by multiplying by an 
appropriata fom of Qne , 



The student is able to Gxpreas a ration 
al number greater than one as an 
per fraction or a miKed numeral. 



impro^ 



The itudant knows that in a decimal 
fraction the deeimal point separates the 
fractional nimber from the whole nunibar 

The student knows the place value repre 
sented by each digit in a decimal frac- 
tion. 

The student is able to aKpreJs a decima; 
numeral in expanded notation. 



125 - ^ + 



10 



2 
100 



1000 



) 



The student knows the forms of a decitnal 
fraction (terminatliig and nonterminat- 
ing, repeating and nDnrepaatlng) , 



The student knows that any repeating or 
terminating decimal represents a ration' 
al nimiber. 

The student knows a method to write any 
'"^♦■^'onal n^ber in either fractional or 
" nal form. 
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1,3 Rational Numbers, Positive, Zero 
native (Cont,) 



The student: knowB the equivalent forms 
of corranonly used rational niraibers 



( 



.25 = 25%, ^ ^ a - 



The student Is able to perform the fund- 
atnantal operations on rational nimibers^ 
including fractions and decimal nmnerals 
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1.3 Rational NiOTbers, PDsicives Zero and Negative 




1,31 AdditiDn 



The student knouts that the sum of two 

a c 
rational numherij =^ and Is 



ad _|_ cb 



bd 
3 



db 



id be 
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A ^ L 
4 ^ 



(e.g., ^ + 4 - 
7 + 4^5 



21 + 20 ^ 41 . 
28 28 - 



The student kno^^s that in the set of 
ratiDnal numbera addition is closed^ 
coiamutative and aasociative. 



The student is able to find a conmon 
denoTninator (multiple) for two or more 
rational nwEmbars in fractional form. 

Tha student is able to rename fractions 
^^ith different denominatpri as fractioni 
with the lame denominator ^ 

The student knows that the sum of two 
fractions with the same denominator is 
the sum of the numerators divided by 
that denominator 

a + c 



>. 



The student is able to add rational 
numbers in fractional fom (including 
fractions and mixed numbers with the 
same or different denominators) . 

The student knows the rules' for additior 
□f rational decimal fractions (including 
addition of equal place values and 
placement of the decimal point) . 
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decimal fractions. 
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1 . 32 Subtraction 

The student knows that the set of ra^ 
tional numbers is closed for subtraction 



TliG student knows that subtraction in 
the set of rational numbers is not 
conmutative or assoelative. 



Tile student knows that every ratiDnal 
number has an additive Inversa 
(opposite) . 

Tlie student knows the rules for addition 
of rational numbera that apply to sub*^ 
traction In the set of rational nimibers 
(including the Inverse nature of the 
Qparationa ^ place value rules j regroup- 
ing or borrowing^ placement of the 
decimal point, and the CDtmnon denomina- 
tor proparties). 

Tha student is able to subtract rational 
numbers (including fractions and 
deciTnais) . 
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Multiplieation 

The student knows that the product of 
two rational numbers is the product of 
the numerators divided by the product 
of the danominators (i.e,, for rational 

numbers ^ and JL , Sl^ m \ 

b d * b d b d ■ 

The student knows that in the set of 
rational numbers multiplication is 
closed J commutativaj associative^ and 
discributes over addition. 

The student knows that factors In mixed 
numeral form can be ranamed as Improper 
fractions. 



The student knows that the product of 
two fractions is a fraction 

a , 

J Where a is the product of the 
numerators and b the product of the 
denominators - 

Thm student is able to multiply rational 
numbers in fractional fom (including 
^fraccione and mlKed numerals) , 

pThe student knows the rules for multi- 
plication of rational dscimel fractions 
(inciuding placement of the decimal 
point, regrouping or carrying and place 
value rules) , 

The student Is able Co multiply rational 
decimal fractions. 



(C) S trucvure , 
math 



ERIC 




MATHEMATICS 



28- 



1, Nimib^r Sys tarns 

1.3 Racional Numbers , Positives ZerOj and Hegatlve 
- " . ' — — ^ 



COURSE GOALS 



1.34 Ply Is Ion 

The studenc knows that in Che set of 
rational numbers division may be defined 
as Ttiul t iplication by the multiplicative 



inverae (reciprDcal) (i.e., ^ 



The studenc knows chat every rational 
number except zero has a multiplicative 
inverse , 



The student knows chat division in the 
set of rational numbers is closed except 
for division by zero which is undefined 

Tne student knows that In the set of 
rational numbers division is not 
CDmmutative or associative* 



Tlie student knows the properties of 
multiplication of fractions that apply 
to division of fractions (including the 
inverse nature of the operations and 
the use of Impropar fractions to replace 
mixed ninnerals) . 

The student knows the rules for division 
of rational decimal fractions (Including 
placement of the decimal point and place 
value rules) . 

The scudent Is able to divide rational 
numbers (including fractions and 
_declmali) , 
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1. 3b Ai)HnlutG V4ili!£' 

Tho* HtiuclenL known thnt \k\ is the symbol 
for the nb^^oluto value of 

Tho HLudant knowB Lliat ©very rational 
numbar hn.^ fin i^bsolute value and is 
non -nGg/iCivG! . 



r 



Tho .studont knowB that the absoluCe 
valiiu 11 f a r^jiiional numbQu, if non- 
negntivcDj is that tiuniber, and if nega^ 
tivQ , Ehc opposite of that number. 



Hid HCiidenL know^ that |x| 
vnluu at a rational number 
X > 0 ar -X if K < 0. 



the absolute 
X if 



K, i 



'r\\c\ HLudoiit knowH that: the absolute 
value cif a rational number may be repre 
fi^onted as a distance from Kcro on a 
nuniber line. 

Th& Mtudent is able to perform opera ^ 
tionn and simplifications involving 
absolute value of rational nuinbers. 
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1,36 Order 



The atudent knows that far two rational 

numbers ^ and — (b^ d ^0) that 
D d ■ 

a c 

~ > — if and only if ad > be. 

b d - 



The student krtf^ws chat for two rational 
b d 

b' ~ d 



U H 



a - c 

numbera =t- and -j^ (b, d 0) that 



a _ c 

^ ^ ^ If and only if ad ^ be. 



The student knowa a method to compare 
dao^lffla 1 f rac t iona * 

The student knows that equivalent, forms 
of/ rational numbers may be used aa an 
aid to order a set o£ rational numbers 
in diffarent forms. 

The student is able to order rational 
nmnbers including fractions ^ decimals , 
and mixed forms . 
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1,3 Rational NimberSj Positive, ZerOj and Nagative 




1.37 Rabio, Proportion, and Percent 

The scudenc knows other symbols for a 

ratio -3- (including a : b, a to b). 
b 

The student knows a ratio is a compari- 
son of two nimbars by division (i,e.^ 



_the ratio of a compared to b 



IS 



The sCudent knows that a percent is de- 
fined as a radio with denoininator of one 
hundred and is denotad by the ayinbol % 

(e.g.. 50% U^). 

^rhe student is able to rename any ration 
al ninnber ai a percent, 

Tha student is able to rename a number in 
percent: form aa either a fraction or a 
decimal . 

The student knows the rules for comput- 
ing with percent (e.g,, converting the 
percent to a fraction or a decimal) . 

The student knows the nieaning of the key 
terms associated with percent (including 
base J rate, and percentage). 

The student knows that base x rate ^ 
jercentage. 

The student is able to compute percentage 

The student knows areas of application 
for percent (e.g.^ banking, commerce, 
statlaticsi and communications). 

The student knows that a proportion is 
Q tement of equality between two 

ERlCs. 
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1.37 Ratio and Prpportlon (Cont.) 

The student knows the key terma asso- 
ciated v^ith proporcion (Including means ^ 
extremes, mean proportional, terms of a 
prDportions and constant of proportion 



The student knows Che equivalent forms 

of a proportion includine ^ ^ ^ 

b a 



a 
c 



d ' 



^ i . b d 



The student knows that In a proportion 
the product of the means is equal to the 
product of the extremes (i.e., for b 

b d 



and 



/ a c 

d # 0, ^ X implies ad ^ be) , 



The student Is able to express equal 
products as a propDrtiDn (i.e.j ab^ cd 
a d 

can be written ^ ^ ) • 



The student la able to find the solution 
set for a variable term in a prDportion, 

The student Is able to express any ratio 
as a ratio with a denominator of one. 

The atudent knows the definitions of the 
major klndi of mathematical variations 
(Including direct, indirect or inverse, 
joint, and combined). 

The student knows the form of proportion 
that indicates the types of variations 
(e.g.j K varies directly as y is 

written x ^ ky or k ^ y^ ) 



ERIC 



^y^^rhe atudent knows types of problems 
j:hat can be translated to proportion 
Uncluding scale drawings / unit cost. 
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1 . 4 Real Numbers 

The scudent knows that the set of real 
niimbars consists of the union of the set 
of rational numbers and the set of 
irrational numbers. 

Tlie student knows that the field and 
order properties apply to the real 
numbers i 

The student is able to use the field and 
order properties in solving problems 
involving real nianbers* 



The student knowB that there is a one-t^ 
Ofio corraspondenca between the real 
numbers and the points on the number 
line (i,e., for every point , on the line 
there is a real number) . 

The student is able to represenr the 
^real numbers on a number line. 



The student knows that an Irrational 
number is one chat cannot be written 
as the quotient of an intager and a 
counting number. 



The student knows that nimbers named by 
nonrepeating^ non terminating decimal 
numerals are called irrational nmberi 
(e.g., log 2 ^ .30103 , . , , ft * 3. 14159., 

- 1,732, . ., sin 37° - 
e - 2,71828, .J 
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^6018. 



Tiie student knows that if the square 
root of a whole number is not a whole 
nu^h^^ ^hen tt is an irrational nimbar 
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1.4 Real Nimbers (Cont.) 

The studant is able to deteraine If his 
estimates of roots of whole nuoibers are 
raasonable . 

^e student is able to follow an afgu- 
mant that proves that a nraiber is 
irrational. 
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The student is able to perform computa^ 
tions with real nunibers* 



The studenC knows which operations of 
.irrational numbers^ or an irraCional 
numbar and a real nusiber^ result in 
irrational answers. 

The sEudent knows that '■rationalizing 
the denominator" means transforming a 
fraction with a denominator involving 
radicala into an equivalent fraction 
which has a denominator free of radicals 

The student is able to simplify eKpres- 
sions wwntaining irrational nmnbers. 



The student is able to name the approxl" 
mate square root of a number (including 
using an algorithmj estimating, tables, 
linear interpolation, logarithms), 

The studant is able to solve problems 
involving square rooc (including the 
us© of the Pythagorean prDparty, solving 
quadratic equations, using the law of 
cosines) . 
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1.42 AbsolutiG Value 

The Btudant knows Uhat the absolute - 
valuD for all real nutnbers is defined 
ns: |x| ^ X if K > 0 and jx ^ -k if 
X < 0. ^ 

Thu student: is able cp perform computa-- 
tion with absolute values of real nmn- 
Jmrn , 

The student knows that the absolute 
valuo of a real number may be represent- 
od as n distance from ^ero on the number 
1 ine . 

Tlio student is able to use the propGr- 
ties oi: absolute value from tlie set of 
rational numbers in the set of renl 
numbers . 
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1,43 Order 



The student knows that between any two 
real numbers there exists at least one 
real number (i.e*, the set of real 
numbers is dense) . 

The student is able to order the set of 
real numbers using the comparisQn axiom 
(Law of Trichotomy). ^-^-^^^ 

The student kno^^s that when cpmparing 
two real numbers on a number line the 
nmber on the right la always the larger 
of the two. 

The student knows that the transitive 
property of order is valid in the set of 
real numbers^ (l^e., if a < b and b < c 
then a < c) , 
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1.44 LiT nits and Sequances 



The student knows a de fin it ion □£ and 
t:he notation used to represent a 
sequence . 

TliG student knows that a finite sequence 
is a set of elements that can be placed 
in one=to=one correspondence with a 
proper subset of the positive integers. 

The student knows that an infinite se- 
quence is a set of elements that can be 
placed in one-to-one correspondence with 
the set of positive Integers. 

The student knows that an arlthTnetic 
sequence is any sequence in which each 
tenn after the first is obtained by 
adding a fiKed number, called the conmon 
difference, to the preceding term. 

The student knows that a geometric 
sequence is any sequence in which each 
term after the first is the product of 
the preceding term and a fixed number ^ 
called the conmon ratio* 

The student Is able to recognlEe geo- 
metric or arithmetic sequences by find- 
ing their comnion ratio or common differ- 
ence * 

The student is able to find missing 
terms in arithmetic or geometric 
sequences. 



iTie student is able 'to find the n 
Q torm of an arithmetic or geomecric 
ERJC sequence. 
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1.44 Llml ua and SoQuencEs fCont.^ . 

The studGnt: kno^s Uhac a seriGS is the 
Inciicatad sum of the cerins of a sequenca 
^X? . . . yields the 



series a , + a + 
i "2 



. + a ) 
n 



Tiio student knows the rules for finding 
the sum of n terms of ari thine tic and 
geoinetric series. 

The studont is able to name the sum 
Indicatad by n tarms of an arichTnetic 
or gu'ometric series. 

The scudenu is able to exptess a series 
in ci ther stmimation no ta tion or expanded 
form I i.e . 5 



2 * 1^ ^ 2^ + 3^ + 4^ + 53 
1^1 



Tlie student knows the sumnation defini 
tion for the binomial theorem (i^e,^ 
n: positive whole number^ a: real^ 
n 

" 2 

k=0 



(a + b)' 



The student knows the meaning of the' 
terms associated with infiniLe sequences 
including convergence, divergence, 
bounds, incraasing, decreasing, partial 
8 urns . 

The student knows dafinitiDn of limit 
(including limit of a- sequence and 
limit of a function), 

pi^9^" student is able to compute the limit 
^J^^convGrgent sequGncea, 
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1.44 LimitB and Sequences (Cont.) 












ihti student knows tliG theoretns on limits 
for sequences ond functions Including 
multiplication by a constant and the surr 
and products. 


H 

1 i 


K7 


la 






The student knows a definition for a 
sequciace of partial sums (i.e*, 

^1 ^ ^2 " ^1 ^^2^ -3^ h 
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j:or the sequencG s . s , . . . , s ) , 

1 ^ n 












Thu student is abl© to find a rational 
number equivalent to a repeating decitiia:. 
by compuding the llinit of a sequence of 
par t ial Hutns , 
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TVie student know.^ the & k (delta-'x) 
method for finding average and 
instantaneous rates of change. 


11 
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la 






The student knows the notation used to 
Indicate differentiation and integration 
1 

( f the first derivaCive of f, 
f 3 2 

J 1 X dx the inteeral of 3c^ 
in the interval 1 to 3) . 
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The student is able to use the A k 
(dclta-x) method to find the instan- 
taneous rate of change (derivativQ) . 
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'rho studant knows formulas for taking 
derivatives of various algebraic ^ 
'Gxponentinl, and trigonoma trie expres- 
sions* 
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The student is able to use darivatlves 
to solve problems involving: maxima ^ 
minima J inflQction points, and the find- 
gj^^" of velocity or acceleration. 
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1.44 LlmiLs and Sequenceg (Cont.) 

The si:udent knows definicions for the 
mnLhein^jCicaL integral. 

'V\\o Htudc^nt: knows that taking derlva- 
Lives and finding incegrals are inverse 
opc^ra L ions , 



TliD student knows formulas for finding 
integrnls of various algebraic^ expo- 
nential , . logarlthiniCs and trigonometric 
express ions. 

Tho student is able to use InteRrals to 
solve probleins such as: araai or volumes 
under curves and those proceeding from 
acceleration to velocity or distance. 
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1.3 CompleK Numbers 



The gtudciid knows that the sec of real 
iiumbers is a subset of the set of com' 
plex numbers. 

Tiie student knows a definition of a 
coniplcx number. 

The student knows the definition of the 
symbol ''i** for imaginary numbers. 

The student knows ' the forms in which a 
complex nuinber may be eKpressad includ- 
ing the standard form a + bi. 

The student is able to represent a 
complex number in several forms (e*g*j 
standard formj polar form and vector 
form (ordered pairs) . eKponential form) . 

Tlie student knows that a rectangular 
coordinate system may be used as a geo» 
metric model for the set of complex 
numbers by assigning the pure imaginary 
numbers to the y axis and the real 
numbers to the x axiSp 

The student is able to show the graphic 
representation of a complex number in a 
rectangular coordinate system 

The student knows a definition for 
equality of complex nmnbers * 

The student knows the definitions for thi 
basic operations (addition, subtraction^ 
mulciplication, and division) for com- 
plex numbers. 

The student is able to find the absDlute 
value of' a compiex number (e.g.. 



O + bi 
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K 5 _ Cpniplgx NuTTibers _(Con t: . ) 

'I'ho student; knows that the fie Id proper- 
tioH nro Vdilid for the set of complex 
ii umbers . 

The si:m\Qv,K is able to verify the field 
propcrtlus of the coHiplex number system. 

The student knows the definitions of the 
conjugate of a complex number. 

The student is able to perform opera- 
tions witli complGx numbers and their 
conjugti tes , 



Tho student is able to find the n 
power of ci complGx number using 
PeMnivre 's Theorein, 
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1.0 M-ilrlces and DeLerroinantis 

The .st.udenL knows that a matrix is a 
r»jcLMnj-',uL:ir array of numbers. 

Tlic sLucicnt knows that: a determinant: is 
a number as.sociatGd with each square 
matrix . 

The student knows the rule for finding 
the determinant of a two by two matrix* 

The student knows the meaning of the 
basic terms associated with determi* 
nants (including order, element, minor 
and CO factor) . 

The student knows that the value of a 
determinant can be found by choosing a 
row or column and finding the sum of 
the products. of each element and its 
cof actor . 
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'Hie student is able to compute the 
clGterminant o£ each square matrix. 

The student knows the rules for opera- 
tions on rows "and columns of a square 
matrix u.scd in evaluating determinants. 

The student knows that when two rows or 
columns of a square matrix are the same, 
then the determinant is zero. 

Tlio student is able to use Cramer's Rule 
to solve jystems of equations. 



ITie student knows that the determinant 
of the product of matrices is equal to 
the product of the determinants of the 
matrices. 
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L6 M.iLricufe urM DeioxminanL-i (Co Hw.) 

'Ill" HiUikiiii mows mat a malrix d i in 
L*tn./M ;inti ii^ columns nas Oirdor 
; i'vlinienH Loii) m ny n, 

TIk; Hluduiu knows chac a square matrix 
• iM /I iiWiLrix wlLh n rows and n col- 
' uutns /ind hnu order li , 



rhr- HLucinni knows /:luit Cwo maLricfcti aru 
. ciunJ. ii: nnd only If choy have Chu sank' 
.irdt-r^ Ai inKMi^iionj^) nnd nil correHpond- 
iiii; I- 1 uiinjn ncu aqual. 

Tlh' Hrudunu knnww the HyinhD Lisrn of 
f:Ki!ricus (e.;.;., A/^ mny indicaLc^ 

NIC ub^niunt In row 1 and coluiiin j oi 
in.-iLrix A) . 

Tlu! sLudunL know^. elicit: a mro (oir null) 
mntrlx ij^ ona with ^lU alempnt^ Hero. 

Tlie sLudaiU knowt^ die definicion for 
cidditlon of ma trices. 

The studisinL knows that the identity 
cleniQht {:or addition Df matricus is uhc 
zero mntrix. 

The ^i:.ldu^(: knows the definition lor the 
prodxict oi" a Hc^ilcr and a inatriK* 

! The hitudant knows tha definition for 
I nuilcl]ilic/i tion ot madricea. 

! 

; 

llio HLudcint knows that the product of 
two nonxaro tna trices can be the null 
jiiatrix. 

iidCint Lb ablo to multiply and add 
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1.6 Matrices and DeterBiinants (Con^. ) 

Tha atudcinc knows the propertias of the 
idGntity matrix for mulciplication 
(including diagonal pattern, coiiinutivity 
and dimension) . 

pThq studenf: knov/y thaL a square matrix ■ 
i is singular if it has a ^.ero dGterBiinant 
I and nonsingular if it has ^ nonzero 
I determinant. 

1 _ 

The student knows that a square matrix 
has a multiplicative inverse if it is 
nonsingular , 

The atudent is able to find the mulci- 
jilicativa inverse of a square matrix. 



Tlie student is able to represent a ays 
tetn of equations with a matrix. 



Thi student knows the row^ column 
transformation rules for a matrix that 
represents a system of equations. 



The student is abla to use inatricas to 
bolve systems of equations. 
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math 
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1 » 7 VQCLors 

Thn scudont knows thrit: vectors aro 
direcded line segments usod co repreaenE 
qu/]ncii:iuf5 having magnitudo and diroc- 
Lion (vQCLor quanLiLies). 

pllicj Htudanl: knows LhG Lerminology usod 
i wich vecLors (including origin, "initial 
' poinL, Cerniinal point, unit vector, aero 
or null vector^ vector space). 

Tlic student knows the syTTibols coi-non co 
^ vectors (including^ a, the vector a, 
Lx for cross produce, ' for dot product^ 

ThG student knows tha standnrd repre- 
son ta Lion of a vector. 

The student knows that equivalent vec- 
tors have the- same magnitude and dir«3c- 
Lion . 

The student knows that scalar quantities 
flre real numbers having only magnitude. 



I The sLudenc knows the resultant of 
I vector nmlciplied by a scalar. 



The Btudent knows Che propertias of a 
veccor multiplied by a scalar. 



( — 

1 rhc scudent kncjws that nonzero veccors 
I .the same direction or in opposite 
directions are parallel. 

The student knows chat a nonzero vector 
a parallel to a nonzero vector b 
only if vector a can be ex 
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d as a scalar mulciple of vector 
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Voc.ora (Cont .) 

Thri iicudent knows that the sim (rGSul- 
taiit) of two vectors is a uniquely 
d(jtormined vector. 

Tiiu student is abl& to add and subtracL: 
two voctor quantities. 

; The scudent knows that vectors can be 
1 roprc!senced as the resultant of an 
\ K'-coinponefit and a y-cotTiponent: which arti 
parallel to k and y axis respective 

Tho student is able tp represant addi- 
tiDn and subtraction of vectors 
graphically. 



The studant knows that vectors form a 
group with respect to addition. 



The student knows a definition for the 
innar product (dot product) of two 
vectors . 

The student knows that tne inner produce 
(dot product) of vaccors has coOTiuta- 
tive, associative 5 dis tributive , and 
sunstitution properties. 

The scudent knows that the inner pro=^ 
duct of a vectDr with itself is equal 
:_to Che square of its ffiagnitude. 

The student is able to detertnine the 
niagnitude (norm) of a vector. 
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P35 
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la 
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ijj VcctiDrs (Cani:.) 

The scudenc knows thac the dot product 
tinner product) nmy be used to study 
wnrk and force. 

riic Htudant knows that two nonzero vac- 
torn are said to be perpendicular to 
encli other if and only if their inner 
product (dot product) is zero, 

i The student knows a definition of vector 
product (cross product). 

'Iha student knows that the vector pro- 
duct (cross product) of veGtora has 
distributive, associative, and z^to pro= 
duct properties (a vector in crocks 
product with itself gives a ger.^ vector) 

The student knows that the vector pro- 
duct (cross product; of vectors has an 
anticomniutative property (i.e., one 
product is the additive inverse of the 
o ' 



j The student knows that the vector 
i product (cross product) can be calcu- 
Llated using determinants. 

Tho student is able to rename a vector 
wiui either polar or rectangular coordi 
Vi'^ ta>^ . 

Th^^ stuaQnt knows that any ordered pair 
or triple of real numbors, (a, b) or 



i) 



3 tj; 5 can represanc a vac cor. 



Vis^^ student knowF the meaning of "righu 
ii^huiud systom" as it refers to coordi- ' 
^ii:C' systisnis in chroQ 'diinensional f^pacuj 
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i n Vectors {CoutA 



The studtmt: knows chat any vactor A 
may ^be expressed as a combination of the 
nonzero, nonparallelj coplanar vectors 
h and i.e., vector A is equal to 

c\ scalar times B plus a scalar times 



The stud.'; !: knows that dlreGCions in 
Mpnce can be scaced with direction 
angles, direction cosines ^ and direetioh 
numbars. 



TliQ' student knows avcas of st\idy that 
use vecnors, inciudinp applications of 
plane, :)rojectiv&j and space geometry. 
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1.8 AlAobraic EKpresslons 

Tlir HtudcmL knows cie f in] rJons for the 
LurniH associated with algebraic expres- 
(including coeiffecieat ^ CDnstantj 
, termj polynomial, quadratic, 
cnmpJcx fractions, leading ternij linear 
po Lynomial) , 

I Tiu^ HLudent knpwB that m exprossion is 
i .'I cutiihination of numerals and/or vari- 
; oi>k's CDnnected by operational symbols. 

I iUtt Htudent knows that an expression 
I nninon /! 5^pecific number or a set of 



o rs 



The student i$ able to evaluate an 
algebraic uxprassion by numerical sub- 
Bticution . 
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i,M Aigebraiu Expressions 
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Tiio HtudenL knowH the meaning of the 
Lermy asiiociaLed w^lH polynomials 
(Including monominl,- binomial, trinomiaL 
pnlynoniial degree, term, coefficient). 

'iiin suudent: knows Che ways in which 

ynomi.nls are classified (including 
tiumbar of termn or variables, by degree 
and by Che nature of Che coefficients). 



The student knows a standard form iiDr 
expressing a polynomial (e.g.. 



j?rder of terms) 



n 



ascending 



The scuderiu knows iihat the set of poly- 
nomials over the rr-itional numbers forms 
n figld for the Dperations of addition 
and raultlplication. 

Th(2 studenc is able to do the basic 
operations (add, subtract, multiply and 
divide) with polynomials. 

The student knows that a prime poly- 
nominl is any nonfactorable polynomial 

•I. 



other than 1, 



and 



llie student knows that '^factoring a 
polynomial over a set'' is defined to be 
exprassing the polynomial as an indi- 
cated product of polynomials over thi 
set. 

The student knows the applications of 
the discributive law to factoring and 
multiplying polynDmials, 
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HI 



polynomials (Cone.) 



Th- HUud.-iiL iH ab^e Ln facLDr Homo poly 
nomiaJfi by inspection (inc-Uiding perfect: 
Mqiinn-: l:rlnomi:tls, differanca of two 
squares, and the? sum or differenyg of 
two Clibc^B) . 

Ti:- r.f:uclcnL is able to factor nnnprime, 
^u'cunci dci^recj polynjmials of the fDrni 



aK + bx + c and ax'^ + bxy + cy^ 



over 



Thu student is able to determii-t a 
pfinie iJictorip^ation of a polynomial ovor 
tbu set of integors or the set of 
r^dtionaLH. 

Thu student is able to verify factors of 
n polynDniial using synthetic division 
or multiplication. 



^fhe studt^at kndws tha Remainder 
ThCiOrenu 

The ^^tudent is able to apply th© Remain- 
der Theorem Co evaluate li polynomial for 
L_;iiny real number. 

Tlie student knows the Factor Theorem. 



The Htudent is able to apply the Factor 
TliGorem to find and verify factors of a 
_polynoniial . 

The student is able to recognizQ the 
pattern eKhibited by coefficients and 
expononts when binomials are expanded. 
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m. 



LI H 



H 
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1. SI rDly npiiilals (Cont.) 



i Tha studciVit is ablo to expaiid binoinials 

j using tho Binoinlal Theoreni* 

I 



j The student: knows a rGlationship becwgen 
I Lhii coefficients in the binomial expan- 
Lsian and Pascal's Liianglc. 

The .sLudenC knows applicatiions of the 
Binomial Tlieordm to problems in gfenfecics 
and probability. 

The student ImowB the definition of a 
polynoriial function.. 
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uH2 KaL lo|ia_[_ E xjireHsions 

The HtudciU knows diaC a rationnl expre^ 
Nion Is Lhc quotient ^of cwo pQlynomials 
i'j r ^2 whorti is not the zero poly- 



1 Vuu ■aiician:,. know^ a ration£.l uxpr^^SHion 
i 1- not di^ilnt^cl when the donominator ha^ 
Lvalue 0, 

Thu HCudcnL knows; algorithms for the 
opL^CBLions of addicion, subtraction, 
muitlpliancion, and divisiDn of alge- 
braic ration^^l express ions. 

The siudcnt; knows that a rational 
expri^Hsion is in HJmplest form if che 
numeracor rmd denomiria tor do not havG a 
commDn factor other than 1 or -1. 

The MLudGnt iB able to simplify rational 
expreBsion by dividing numerator and 
denominacor by the greatest coirmon 
iactor. 
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2. NumeratiQn 

The student knows the locaElon and use 
dC print: arid nnnprint materials relatad 
to numoratiou in ma thematic s (fc-.g,, cgrd 
cataLov,: ''Classification, DacitnaL,'* 

al-ional Number/* "niffiibers, Theory of'*; 
keaclar^s Guide: ^'MaChemacic^il Recrea- 
LlonH," "NuTTiDGrs, Tlieory of'^; Area and 
Building Audio-visual Critalogs: ">Iathe- 
maticB, Base Concept 5'' "Mathematics, 
DGciiTial,'* 'te theinatlcs, Rational ^ 
Mumbar," 

The student knows that: a numeral is a ^ 
synibol used to naine a nuiTiber. 



idea of number 



The student knows the 
independent of symbol, 



The student knows there have been many 
sets of nuniaratiDn symbols (including 
_Hindu-Arabic J Romanj Egyptian). 

The student knows the definition of 
cardinal and ordinal numbers. 

The student: knows there are numeration 
ays terns that are nonpogitloual (e,| 
Egyptian, hieroglyphics, tallying). 

The .student knows that the value of a 
numeral in a nonpositional system Is the 
sum of the values of the individual 
symbolg. 

The student knows that In a pos:*.tional 
numeration system location of a digit 
deceriiiines the value of a numeral,' 
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The student la ablf^ to determine the 
O dvantages and disadvantages of differ 
It numeration systems. 




(C) Numerfilion 

(C) S>TTlbol 



(C) Nuniurn tion 



(C) Numcrn t ion 



(C) Mum.eration 
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uUuciiL knows that a base for a 
number sysccm may be any whole nimber 
greacer than oiia. 



Tho student know:ii that in any base the 
niimbar oi count iiig symbols must equal 

number of the base usGd (e.g,^ a 
Dast! tan system raquiras ten symbDls 
^ 2, 9). 



cht 

D 
0 



Thp student knows that bases greater 
than ten require symbols in addition to 
the Hindu-Arabic numerals 0, 1, 2, 3, 4, 
'j, b, 7, 8, 9, 

Tho student knows? that the symbol 
(point) used in a nuuiaral separates the 
whole number part from the fractional 
par t . 

Thg student knows the ways to signify 
the base in which a numeral 



(e.g., 64 
seven) , 



(7) 



or 64 



seven 



IS written 
denotes base 



The sLudenc knows tho terms used to name 
various base systems (e.g., binary, 
octal, decimal, duodecinial, heKadecimal) 

The student knows that the value of any 
position In a numeral is a power of the 



base (b) and the first position to 



left of the 
1 , 



point has the value b 



5 



he 



or 



L 



Tlie, student, knows that the place values 
of a numeral, are consecutiva powers of 
the base and these powecs deereasa from 
left Co right. 
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2 .1 luisa SysLgnia (ConLO ^ 

Tiu! scucienL knows dhnt chui number 
donoued by any digit in a nutneral is the 
product: o 1- ths digit and the place value 
ol Lhij poHiLion it occuplfes (e.^^^ In 
235 the 2 niGans 2 x lO^) . 

The student: knows castas in wnich ^iero is 
significant in a numeral (e.g., 065 may 
bu written 65, 607 ^ 67) . 

Ttuj BUidiint knows Ch^i t t\m value of a 
numeral ia the gum of the products of 
each digit: and its placG value (eKpanded 
notation) . 



Thy Htudent knows that numbers written 
in nny baso system can be axpressed in 
expanded notation as a sum of products. 



'rtie student is able to rename a numeral 
in any base using expanded notation 

(e.g., 234^^^ ^ s x 10%s + 3 x 10, + 



(5) 



(5) 



(5) 



4 K 10^3^ ) 



The student is able to count in any base 
(i.e., order numerals in a base), 

Tha student is able to compute (add, 
subtract, multiply , and divide) in non-- 
ten baaed , 



The student knows an algorichm Co changi 
tha base in which a number is written. 
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K6 
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K2 
K6 


la 
le 








u n 


K3 


la 










K7 


le 
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K2 
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K7 


Id 
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la 


Sa 










lb 








U H 


P34 


la 
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Id 








U H 


P35 


lb 


5a 
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K2 


lb 










K7 


le 









NumGraCioii 



, i Base Sya t:ams 



The sCiident is able to express a nuineral 
wricton in one base as a nunieral written 



in another base (e.g 
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Tiit^ HLiKiiMU Kiiuws [:nai: uhe Cerin decimal 
sy^a*i^ \\ioim>\ Lhat lIkj Hystom has base 
I Ui oir iiiping by LunK) , 

Tlit' ;;L.U(lunL ktiOWH LhnL ;i nunicirnl HiK/ci- 
ii^^'l wiUniut n bns'^ inrltcator is usually 

nil- Mudi'iU: kiiowH the word nameB asno- 
ririi-d v/ith pinco v/3 luQ in a cleciinal 

i^'i ^ nna5i, tens, tieiichs^ 

n!uulr*:'ci^5 , hundredchs) . 

Tiin HLudt'iU knowt. Liiu Hindu-Arabic word 
i n/iiiu^s lor Lhe bnf^e t-n uaunting numerals 
i arc* wri), onc: , two ^ Lhroc, four, f ivu , 

six, Kr-vun, oinhti, iiino. 

'rhv MiudtjiiL is ablu Lo expresH a deciiiial P 
iiuiner:, 1 borh la words and with Iliudu- 
Arnhic nuiiicirnls (o,p^, 123 or one bun- 
drtid Lwoiiliy-Lhree ; 1.23 or one and 
Lwenuy- three hundredths) . 



The HtudnrU knows that: dGcininl numerals 
arc^ Hrnupod with connnas. In Heta of 
thrnos, Irom right to laM to represent 
_ thu cyclic placo value characteristics 
I iMrgcir numeral8 (e.g., 214,625,728). 

Thu Htudant is abloi to separade a deci- 
liuil numeral Lnto groups of thousands 
Lo iacilitate reading the numeral (i.e., 
can use comnias as grouping symbols) . 

Tlie student knows that the place value 
oi" nny position in a deciiiial numeral can 
m GKprcsssad as a multiple (power) of 
ton (e.g., in 234, the 2 is in the third 
! pasidion which has value 10^), 



EKLC 




COURSE COALS 



:: .2 Docimal System jCpnt: . ) 

'Hie atiudent: knows Lha'c the nuniber dtJ- 
no tad by atiy digic in a decimal nunieral 
IB Lhe producL of Uhe digil and its 
placo valuG (e.g., in 624, the 6 has che 
value of 6 X 10^ or 600) , 

The student: is ahlo to rename a nimiber 
; either m decimal form or in expanded 



34, 5 s 30 + 4 + 



TO 



or (3 X 10) 4 + f5 



10 



) 



1 



or (3 X 10) + (4 K 1) + (5 X ^) 
or (3 X 10^) + (4 X 10°) + 5 X 10 




The HLudent knows tihe rules for rounding 
off a number. 



The studont is ablg to round off a 
number to a given number of units in a 
given place (4046 to the nearest ten ia 
4050) . 



P 1 



P 1 U 11 
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K2 
K7 
K9 



P35 
P36 



le 
2c 
4a 
7.1 
9a 

le 
2c 
4a 
7 a 
9a 



1.0 



5a 



1.0 




' — — - --- ^--^^ — -^^ — *^ _ ^jf 



'j^j XjKT Sy>: terns 



v/iLh unch •iyml.ol u^Qci in thy Roman 
jiuimMvjj Hystem: T, X, L, 1), 



iiH- ;»LnckM-iL knows tliat: Lhu urdar rhu 
.yhiiJDiS In n Knim^n numeral Indi^aCt'K 
atid i t. ion ^ or 8ub cruCLlon . 



sli- MtudtinL 1^ able to counL in clu 



lis ill;;, il nHiii-Arabic or Romnn nunifir^ls. 



iln? sUidyiiL knows Ihu charncLeris Lils 
Hi n. 1 LniLt! ^.ysUvMii (Huch a:^ the init-ger^4 
I HjronjOi 12 on the clock) . 



k2 



P 1 U 



P 1 U 11 



^34 



Vbi) 



K3 



Ic 

3 

in 
id 



i:i 

3 

1 



^ib 



b,3 
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rno^ Htudrnt knows chat axpouentiial 
notatiun ia exprfission of the eorm 

(m tD the nth power), where m 
refered to as the base and n as the 
uxjjonen t , 

The scuddnc knows thac any teal number 
mny oe used as an ex.ponent. 



The student knows the deflnicion of 
(includina when n is a natural number 
aero, a nogativa integer or a fraction).' 

llie studunt knows the meaning of the 
tanns "squared" and "cubed." 

j Ihe student knows the Laws of Exponents 
j used in simplification and computation. 
/' 



iha atudent is able to perform opera- 
tions with exponential expressions 
Lwritten in the same baae. \ 



The studant knows that raising a number 
CO the nth power, where n is a posi- 
tive integer, and finding the nth root 
ace invQi-se operations (e.g.. squaring 
and finding the square root ara invsrse^l 

j The acudent knows chat expressing a 
number in scientific (scandard) notation 
means} naming a number as the- product of 
a decimal fraction with one digit to the 
left of the decimal point and a power of 
ten (e.g. , 6.38 x 10*). ^ 




The student is able to name a number 
either in decimal form or 
''^'•(j-^.ard) notation (e.g. 

■ERIC 10') • 



scientific 
63.8, 
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U H 



U H 



U H 



U H 



U H 
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Kl 
K2 
K7 
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P66 
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K3 

K7 ■ 


lb 


K2 


la 


K6 


lb 




Ic 


Kl 


la 


K2 




Gl 


la 


i<7 


lb 




Id 



le 

la 
lb 
Id 
le 

la 
Id 



la 
lb 



la 
lb 



5a 



I 



3a 



1.8 
4.4 



l.S 



1.4 
1.8 
4.4 
4.5 

1.4 
1.8 
4,4 
4.5 

1.4 
1.8 
4.4 
4.5 

4.5 
4.6 



4.5 
4.6 
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■^-1 H c 1 en L i r J c n n d ponon t i n I No ta c ion 
jC mij , ) 

Tla- HLudtuil iia ablu to use scientific 
noiatjon and thn unw/^ of Exporients to 
optima HQ Llia ho I aL ion of a quantitative 
prohlom. 



U 11 



P35 
P36 



lb 



4.3 
4.6 



Tlu' btiidcnt Ih ablu to rcnarnc a ni^nernl 
in rtxpuiidcd notation using exponents 
.0 



(6,27 ^ 6 K 10' 



-1 -2 
2 X 10 + 7 K 10 ) . 



T II i! 



P35 



Ln 
lb 



1,0 
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2.j RaUlDnni Number Names 

TliQ sLuclont: knows that a rational nimiber 
mny be axpressed in many forms (i.e., 




ly, 1501, 1.5, 1 + 



) 



The stuclant knows the dGfinition of the 
key terms assnciated i^lch rational num- 
borsj including proper and improper 
frnctionSj mixed nuiiiberj Gquivalent 
fraction, decimal fraction, percent^ 
rntio, and proportion. 

Tile student knows a method for convert- 
ing a numeral from one of the forms, 
fraction , decimal, or percent, to an 
equivalont numeral in one of the remain- 
ing forms * 

The acudcnt is able to rename a rational 
niniibar in one of the forms, fraction ^ 
dGciinal, or percent* 

The student is able to order rational 
numbers written in diffsrent forms (i,e. 
fraction, deciiiial or percent. 



Tlit^ Htudont knows that tliere is an 
infinite set of fractional nunierals 
that name the same number) 

The student knows chat equivalent frac- 
tions are produced by multiplying a 
fraction by different names for 1, 

3 3 
4 



8 



8 
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1.3 



1.3 



1.3 



1.3 



1.3 



1.3' 



1.3 



(C) Equivalencf.' 



(C) EquivalGiico 



(C) OrdinallLy 



(C) Infinity, 

matth 
(C) Equivalence 
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2.5 Rational Number Nanies (Cont.) 

The sCudent is able to rename a number 
in fractional form with a se£ of differ- 
ent fractional names (equivalent frac- 
t Ions) . 

Tlie student knows a method for convert" 
ing from a mixed numeral to a fraction 
^or from a fraction to a mixed numeral * 



The student knows that fraction^ decimal 
and percent are all word names for 
rational numbers. 
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2 , 6 Numbor Theory 

The student kno\^;s chat: a prinie integer 

is nn InCogGr p, p > I, whoso only 

cHvisora aru +1^ -I^ and -p, 

Tlu.' sLudtmt knowH thad a prime nuiTibor is 
a whole nmtiber grentet than one ^ whose 
whole number divisors are DnJy itSGli 
and une , 

Thfj student knows that Che set of prime 
numbGrs is not finite (i.o.j there is no 
largest primca) . 

Thd student knows tliat composite integer 
are intogcdrs greater than one that are 
not prime. 



The student knows that to determine 
whether an Integer is prime involves 
testing divisibility by all primes less 
than or equal to the square root of the 
integer , 

llie student knows that any composite 
number may be expressed uniquely as a 
product of prime factors. 

The student is able to rename a number 
in prime factored form. 

The student is able to express a compo- 
site number in prime factored form (e.g*,, 

24-2 
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X 2 X 2 X 3 = 2 - K 3) , 



Tlio gtudent is able to use divisibility 
tests as an aid in factorini composite 
numbers. 
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2.6 Number Theory (Cont^ 

.^tudcsiit: knows that when a number is 
wrlrtGn aB a product of integers, any 
tlic integers is a divisor of that numbe 

Tlio student knows that the greatest 
coTTmion divisor (CCD) of two or more 
numbers is the largest of the set of 
common divisors of the numbers (also 
called grGatest conmion factor, GCF) * 



Hie student is able to use the greatest 
common divisor (GCD) to reduce frac- 
tlons , 



Tlie student knows that a multiple of an 
integer is any number that is divisible 
by that integer. 

The student kno^/s that the least common 
multiple (LOT) of two or more numbers 
is the sinallest of the set of common 
multiples of the numbers. 

The student knows a method to find the 
greatest common divisor (GCD) and least 
common multiple (LCM) of two or mora 
numbers , 



The student is able to use the least 
coiTOon multiple (LCM) as an aid in 
computing with fractions (i^e,^ least 
_eoTnmon de.nominator) . 



'Clie student knows that the relation of 
congruency (^) for two integers implies 
that their difference is divisible by 
_-ome integer, that is, for a, b, m 
ERXO^®^®^^ a b (mod m) means a - b is 
fflivislble by m) . 
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2 ,6 Numbar TliGory ( Gont.) 

TliG student knov;s that the relation con 
gruent (^) is rGfleKive, symmetric^ and 
trains i£lvt5 . 

The sCudent is able to de tannine congru 
cncy for two integers and a uiDdulus, 

llio Rtudent is able, to perform opera- 
tions witli congruences (including 
addition, subtraction, and multiplica= 
t ion) . 

The student is able to determine to 
which mcithema ticai systeTn a set of 
integars modulo n belongs (e^g.^ does 
the class satisfy the properties of an 
Integral domain) . 

The student knows the divisibility tests 
for certain positive numbers (e.g^^ 
2, 3, 4, 5, 6, 8, 9, 10, 7, 11) 

^IliG student is able to use divisibility 
tests as one way to check computation. 



The student knows that every whole num- 
ber Is either even (divisible by two) 
or odd. 

The student knows that an even number is 
any integer that can be expressed as 2n, 
and an odd number is any Integer that 
can be expressed as 2n + 1, where n is 
an integer. 

The student knows that even and odd num- 
bers alternate in the set of whole 
numbers . 
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3. Machematleal SentencBs and Their 
Sol.iitlon,5 

The student knows the location and use 
of print and nonprint materials related 
to mathematical (nimber) sentences and 
their solutions (e.g., card catalog: 
'^latheniatics" ; Reader '3 Guide ; "Mathe- 
matics"; Area and Building Audio-visual 
Gataloga: 'Mathematics." 

The student knows a definition of a 
mathematical (number) sentenca. 

The student knows that a nimber sentence 
may represent an analysis of a problem 
situation (word problem). 



llie student knows a definition of an 
open mathemaCical sentence. 

The student is able to replace the 
frame or variable in an open sentence 
with a numeral or numerals which makes 
the sentence true (e.g., 7 + n " 9, 
n - 2). 
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3 . 1 Equn \ i I JciS^ 

V\m BLudenL knows the Fundamental ThaQ^ 
rum AUoiicn; EvGuy poLynnminl of 
posiLivc dcgrGe nver tlia compleK iiumbers 
hns ;ii LcKiHt i)no prJmc lineor facLor 
over Min coniploK nutnbers , 




'IliL! HtiultuiL knowK t:ho nieaning di 



oquiva ^ 



riiu HLiKlanL knows Lhat oquatdon 
(uqunlit.y) in n nuiiibeif sentence that has 
nn equal ^^ign (=) and rGprosGnCs cwo 
rKiiiK^H Tnr tiu! sanie nunibGr, 

11r' HLudont knows proporties equality 
(u.^,, rarlocLivQ^ transiLivCj syimiiet- 
rj c) , 

Tho Htudunt knows that any cleinant of 
Llic soluLion BGt q£ nn equation Is a 
luimber that ni^ikiss the equation crue . 

Thu stuckMU knows the ways In which 
oquntion*] nre classified (e.g., by 
doBrce, by numhc- of variables). 

rht^ student knows that the soliitionH pf 
oquntions may bo rGstulcted to a parties 
ular HQl (e.g., rationals, integers). 



•rh(? HLudant. knows that for any equation 
tlio roHowiny are true: 

(1) the two mtimbcir^'' are equivalent if 
ilw Hime number is added to or sub- 
tractGd from both members of the 
original equntlonj 

(2) thg two menibers are equivalent if 
both member.q of the Driginal equa- 
tlnn are multiplied by or divided 
by the: mmo numbar* 
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3 . 1 l^ua_Ii ties (Cprit . ) 

11 )u Btiident: is able Lo solve .Cirst degre 
uqunLtonH in Dne variable by applying 
ono or muru of tho following techniques: 
(1) collecting likc^ terms, (2) remDving . 
grouptng syiiibols, (3) adding an approprt 
ntu lorm Lo botli members of the equation 
(-^0 inul Lip lying both menibers of the 
of|u/i(;1nn l)y nn appropriate nuniber . 

'Vhu student is able to graph n linear 
t*qunLJnn by using one of tha Col lowing: 
(1) slope nnd y^intercept, (2) both 
intercopts, (3) point and slope, (4) 
act af points. 

The student is abliD to graph n quadrdtic 
functian ijy nny of the following: (1) 
:4ct uf points, (2) vtirtex and K-intcr^ 
cu|Hs, (3) vertciX, y-intereept, and ono 
o Lhur pn int. 



The* .student is able to solve quadratic 
oquntinns by factoring, COtiipletlng Che 
HquarG, formulfi, and graphing. 
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'ITic. suutlunL IS nhlc to solve exponenCisl 
cfnin Lions by r^iising to powers, Cakiiig 
runLs, uaing logarithms. 

Tliu Htudimt is able Co use logarlthnig to 
SjOlvu powtM: equations. 



Tliti sLudent is able to detarinlne if any 
of tlio roots coniputad for an aquation 
.'iro roots thnt satisfy the original 
t'cjiu-U Ion . 
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3,1 Equalities (Cont.) 

The student: is able to use synthetic 
HubH titution to compute approximations 
of roots of oquaciDns of degree n 
<n > 1) . 

The student knows that if a polynomial 
lunctiDn with real eoefficients has ^ 
a + bi as a root (a and b real, and 
b # 0) ^ then a - bi is also a root. 

The student knows that every polynomial 
equation of degree n (n > 1) with coni- 
plex coef f IclGnts has exactly n com- 
plex roo ts . 

Tho studanL is able to solve polynomial 
equations over the set of complex nimi- 
bers . ^ 



TliQ student is able to use several 
methods to find a polynomial equation^ 
given its roots. 
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Mathematical Sentences and Their Solutions 




3.2 Inequalities 

The student kno^s the symbols for 
inequality (e,g, ^ ) . 

The student knows that a statement of 
inequality is a number sentence. 

The student knows the properties of 
inequalities * 

The student is able co solve linear 
inequalities algebraically and 
graphically. 



The student knows the meaning of 
quadratic inequality. 

The student is able to solve a quadratic 
inequality algebraically and graphically. 



The student is able to solve an 
absolute value inequality algebraically 
and graphically. 
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3 .3 Systems 

Tlie student; knows that sys terns of equa- 
tions may contain more than two unknowns 
(i.e. 5 n equatiDns in n unknowns). 

The student knows solving a systein of 
two equations in two unknowns means find- 
ing the set of all ordered pairs of real 
numbers that satisfy both equations. 



Tlie. student knows the methods for solv- 
ing two equations in two unknowns (l^e,^ 
addition-subtraction, substlcutions 
comparison, determinants , and graphing) 

The student is able to solve a system 
of equations. 



Hie student is able to solve a system 
of inequalities. 



A student is able to graph a system of 
Gquations in two or three unknowns. 



Hie student knows that linear program- 
ming is the solution of systems of 
linear inequalities with linear con- 
straints for a maKimum or niinimum out- 
come , 

llie student knows that computers tnay be 
used to solve large systems of equations 
"-"-Q^'nequalities , 

ERIC 




MATHEMATICS 76, 



3. Mathemaclcal Sentences and llieir Solutions 



COURSE GOALS 



3.4 Word Problenis 

The student is able to translate words 
in a problem into mathamatical symbols 
(o.g,, 'How many ara left?" indicates 
aubtraction) . 

The scudent is able to distinguish the 
relevant information in solving a ward 
problem, 

Tlie sttudcnC is able to infer the type of 
nuinbors ('''rangi. ") that cquld-valldly be 
the ansv'v: of a v?ord problein (i.e., if 
the protlmti involves positive fractions, 
the answeu could be a positive fraction 
or a whole number) , 

The scudent is able to translate a word 
problem into equivalent matharnatlcal 
equations or inequalities. 

The student is able to use suitable pic- 
torial, graphic, or symbolic representa- 
tion to aid in the solution of word 
problems (e.g., flow charts, set nota- 
tion, graphs, Venn Diairams) , 

The student i.", able to estimate the 
an.swers to a word problem as a means of 
checking an answer. 

The student knows that there is usually 
more than one way do organize and solve 
mathematical word problems. 

The student is able to solve word prob- 
lems involving more than one step or 
operation. 
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3.4 Word Problems (Gone.) 

The student is able to use common 
formulas for the solution of appropriate 
word problems (e.g., I ^ PRT, v' ^ Iwh. 
P ^ 2L + 2W) . 

THq student is able to solve problems 
Involving life sicuations, homej invest 
ment, and business. 



The student is able to apply trigononie^ 
try to solve problems in carpentry, 
navigation J surveying, electronics, and 
building construction. 

^rhe student kno^s that the niethods and 
concepts of derivatives and integrals 
may be applied to physical problenis in- 
volving a rate of change (e^g.j chang^/ 
of distance, velocity, volume, pressure, 
population, econoinic growth). 
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4. Relations and Functions 

Tlu< Htudunt: knows the location and use 
1)1 fu-int and nonprint materials related 
to rein Lions and functions In mathe- 
iiifitica (e.K., Area and Building Audio- 
Visual CaLnlogs: "Mathematics, Function 
I 'c- r i (kI J ca 1 : Mflthematics MaHazinQ . 

TliQ student knows that a relation Is a 
SOL of ordered pnirs. 

Tiie studGnt knows that a function is a 
ralation In which no two ordered pairs 
havG the same I'irst coordinate. 

Thr studont knows the nieaning of words 
used In working with functions (e.g., 
domain, range, sets, inverses). 

Tho studont knows that a function may be 
represented in many ways (o.g., graph, 
mappinH, set of ordered pairs , fDrmula) .. 

The student is able to apply the 
vcrtical-Une test to a graph to dete'r- 
niino U the graph represents a function 

•nie studcMit knows definitions of an even 
function and an odd- function (i.e., 
oven: C(-x) = f (x) ; odd: f (-x) 'f (jj)^ 

Tiie student knows that a function f 
periodic if there is a number p (a 
period of r), p ^ 0, such that for 
every h in Its domain, x + p and x - p 
are in its domain, and fCx + p) = f (x) - 
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4 . 1 Hnppin^ 

The student knows that a mapping is a 
well-defined correBportdence between the 
elements of two sets, 

Tlie student knows thfi t the po ints on thi 
Cnrtesian plane map one ^ to =ori,* onto the 
set of ordered pairs of real ?r'mbers. 

The student knows that a mapping can be 
represented by n graph. 

Tlic student is able to represent a map- 
ping graphically. 



TIic student knows that angle and distanc 
praserving mappings (rigid motions) 
include transla tions 5 rotations j and 
re flections . 

The student is able to map two sets in 
ways that represent different relations 
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4.2 Inverse Relations and Functions 

The student knows that the Inverse of a 
relation is the set of ordered pairs 
obtained by interchanging the two coin" 
ponancs of every ordered pair in the 
relation . 

A student is able to graph a relation 
and Its inverse. 



U H 



H 



K2 
K3 



P35 
P76 



2a 



2a 
2b 



5a 



(C) Relation 



81, 



^* * Rolations and Functions 



COURSE GOALS 



4.3 Algebraic Functions 

Thu student knows that a polynomial 
function is a function defined by a 
polynoinlal in one variable of any 
degCQG , 

j.Tie student knows a function f Is 
linear if there are numbers m and b 
fiiich that f(x) ^ mK + b) 




The student knows a definition for a 
power function ( fCx) - x^, x > 0 and 
ar real) , 

lliQ student is able to represent a 
polynornial function graphically. 



Tl^G student knows that f is a qua- 
dratic function if there are real 
numbers, a 0, b and c such that 
f(x) ^ ax^ + bx + c. 

The student knows that a rational func- 
tion la a quotient of two polynomial 
functions. 

The student is able to graph rational 
functions. 
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4.4 Exponential Functions 



The student knows the exponeritial laws 
as they apply over the set of real nim- 
bef s . 



The student knows a dfeflnitlon for an 
oxponential function ( f (x) = a , 
X • real and a > 0) . 



The student is able to evaluate and 
graph exponential functions. 



The student knows the value of the 
number e and its use In exponential 
functions . 



U H 



K2 
K7 



K2 



P35 
P76 



U 



K2 
K3 
K7 



2a 
2b 



2a 
2b 



2a 
2b 



la 
2a 



5a 



(C) Structure, 
math 



ERIC 



MATHEmTICS 



83, 



Ho la Lions unci Functions 



COURSE GOALS 



^'4 ,5 Lo^arl iilinilc Futictlons 

Tliu suudent knows the definition of 
logari tlini.y . 

TUq sCudGnt knows the vocabulary used in 
working with logarithms (e.g., mantissa, 
chcirncteristic, in terpo la tion , base, 
rKponenc) . 

Thy student knowii that Can Is Che base 
far common logarithms and e is the 
_biiSD for natural logarithms. 

The Htudont knows that a logarithmic 
function is the inverse of an eKponen- 
tin I function . 

The student knows the laws of logarithms 



TliG student know.'? that finding the anti- 
logarithm of a number is the inverse 
operation of finding the logarithm of a 
number , 

The student is able to use tables to 
utilize logarithms in calculations. 



The student is able to approximate ans= 
wers to arithmetic problems of multipll^ 
cation, division, root extraction and 
raising to powers using logarithms. 

The student is able to use linear inter- 
polation to obtain a closer approxima- 
tion than from a table of mantissae. 

The student i« able to change logarithms 
from one base to another. 
O 
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4.5 LDgarithmic Functions (Cont,) 



The student is able to graph a logarith 
mlc function. 
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4.6 Tri gonometric (circular) Fun^fioas 

The student knows definitions of the 
trigonometric functions sine, cosines 
and tangent (including in terms of a 
right triangle or a point in the coordi 
naCe plane) , 

The student knows the basic units for 
angular measure including degree and 
radian. 

The student is able to express angular 
measure in either degrees or radians. 



The student Is' able to use a table of 
values of trigonometric functions to 
choose the correct approKimation for a 
given function. 

The student is able to interpolate when 
using tables of trigonomecric values. 



The student knows the terms associated 
with angles including standard position ^ 
iniclal sidQ, Ltsrminal side^ signi and 
magnitude . 

The student knows that all trigonoinetrlc 
functions of an angle may be determined 
using a point on the terminal side of 
the angle , 

ITie student is able to extend the domain, 
of the trigonometric functiDns by use of 
Che unit circle and wrapping function 
(including functions of negative angles 
and angles greater than a right angle). 
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4,6 Trigonometric (circular) Functions 

The titudcnt: is ahlQ to use reducUiDn 
lormulas co simplify trigonome trie 
sLiiiiements (cn.g.j sin 110^ = sin 70° and 
Sin (-20 ) - -sin 20 ) . 

Tho sLudent knows the sign relationships 
lor the Lrigonometric functions in each 
of the four quadrants, 

Tho student knows that trigonometric 
funccions are cyclical. 

Ilic? student is able to determine the 
domain and range of the trigonometric 
func t ions . 



The BtudGnt knows the graphic character 
iscics of the trigonometric functlDns 
(including period, ampiltude, and phase 
nngle) , 

The student Is able to graph the trigo- 
nometric functions . 



Hie student is able to graph the 
inverses of the trigonometric functions 



Tiic student knows the relationships 
.imong the trigononie trie functions (in- 
cluding reciprocals and co functions) . 

llie student is able to express a trigo- 
nometric function in ternis of the other 
^trigonometric functions . 



_nie student knows the conditions which 
^ ,iQrmine the numbers of solutions for 
tangle . 
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4.6 TrlgQnQme£ric (circular) Functipns 
(Cont, ) 

Tile student knows the forTnulas for the 
solution of triangles including the laws 
of sines and cosines* 

jrhe student Is able to solve triangles 



The student is able to use the funda- 
mental trigonoinetric function identities 
to prove other identities including 
Pythagor^i and reciprocal identities. 



The student la able to develop the 
multiple-angle formulas. 



The itudent is able to solve trigono- 
metric equations* 



The student is able to use a graph of a 
trigonometric equation Co estimate the 
roots of a given function* 

The student is able to use compact 
notation to represent the infinite roots 
of a specified trigonometric equation 
Lincludlng uaing only principal roots . 
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^^■^7 I'robabilltv FuncCionB 

The student knows the definition of a 
probability function (probability 
dQnsity function) , 

The student: is able ta use a probability 
function to describe an experiTnent with 
random outcomes. 

The student is able to use the probabil 
ity function to calculate the variance 
and standard deviation of a random 
^variable . 

The student knows the definition □£ a 
probability distribution function. 

Tlie student knows the definition of a 
joint probability function. 

The student knows the definitlbn of a 
blnQmial probability function (binomial 
density function) * 

The student is able to use a binomial 
probability function to describe random 
experiments . 

The student knows the definition of a 
Bernoulli probability function* 

Tlie student is able to use the Bernoulli 
probability function to describe coin 
tossing eKperiTnentB with win-loss out- 
comes * 



The- student knows that uniform probabil- 
ity functions J multinomial probability 
functions J hypergeometrlc probability 
functions, and Poisson probability func= 
tions are special probability functions. 
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4.8 Q^her Functions 

Tha student knows the definition of the 
^ibgoluCe value function. 

The student knows the definition of the 
greatest integer function. 

The student is able to use the greatest 
integer functlcn in proving limits of 
aequence , 

Hie student knouTR the definition of a 
hyperbolic funccion . 
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-3. i.^jomeLry 

'lliu studt^nt knows tVie location and use 
ill prinC and nonprint Tnaterlals related 
Lo geometry (a,g,j card catalog: 
"Ma thernatics "Geometry"; Reader 
Guide : "Geometry"; Area and Building 
Audio -Visual Catalogs: "Ma thema tics , 
Geome try . " 

The student knows that many mathematical 
Hystems including geometrical systetns 
TTiay be described in the following two 
way.s : (I) a ma tliema tical system con- 
sists of a) undafinGd terms, b) defined 
terms J c) postulates J and d) theorems, 
or (2) a ma tlicmatical system consists 
of a) a set of elements, b) one or 
more ivell defined operations, c) an 
nquivalence relation, and d) a set of 
pos tula tes . 

Hie student knows that geometry Is a 
logically structured model of physical 
space dealing with size and shapes » 

The student knows that in the develop- 
monl: of a geometrical system certain 
terms are accepted without definition 
(e.g., point, line, plane). 

The student knows that all geometric 
figures may be considered as sets of 
points, as subsets of lines, or planes, 
or aB the union of these sets* 

Tho student knows that concepts of 
geometry can be described algebraically* 
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TliG student knows that axioms or basic 
rfus tula tes are fundamental statements 
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cccpted without proof. 




Tho stuclLMit: knows the b.isic postulaCes 
which ostabllBh the structure of o 
pnrtJcular nmLhcmia ticnl sysLeni. 



'llie BtudenL knows the prerequisite for 
ma L-homatical rGasoning is a set of pre- 
ci.suly stfited .nssump tions (basic postu- 
In Cos) froin which conclusions (thaoreins) 
cnn be derived. 

Tlic student knows that assertions about 
gooiiietric figures must be based on 
iiiatfiomatically logical conciusions stem^ 
ming from already accepted fact (basic 
pnsCulatcs ond theorems). 

The student knows ma theiiiatically valid 
deductions are dependent on the basic 
postulates and will change as the 
postulates change. 



The student knows that it is desirable 
for matheniatical definitions to have the 
foUowing properties: (1) nanie the tRrm 
tliat is being defined, (2) use only 
terms that have been previously defined 
unless it is an undefined terin, (3) 
place the term that is being daflned 
into the smallest or nearest set to 
which it belongs, (4) state the charac- 
teristic of the defined term which 
distinguishes it from all other members 
of tlie set to which it belongs, (5) 
HtatQ the least nimber of essential 
properties required to identify the term 
belnH defined, and (6) be reversible, 
tliat is, when the subject and predicata 
nominative are interchanged, the result^ 
ing statement be true* 
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^, Gciometry (Cont:.) 

'rho studunt knows tliat. ouly definitions, 
pustuLates, and proven theoreins can be 
cited to support assertions made in 
fiaoinetric; proofs using deductive reason- 

'iTie studcint knows thaU a lemma is a 
proven conclusion which is heipful in 
the prool: of a loiiger, more complicaCad 
thaorcm . 

The student is able co use axiomatic- 
deductive reasoning in the discovery 
or proof of geometric facts. 



Tliu student knows that induction is the 
process of finding a ganeral principle 
based upon the Qvidence of specific 
cases. 

The student is able to develop a mathe- 
niatical argianent in the indirect or 
direct method of proof. 
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5 , 1 Plane and Space 

The student kno^s the theorems and 
posculates that establish a point, a 
line, and a plane. 



The student knows the plane separation 
postulate , 

The student knot^s the theorems, defini- 
tions and terms related to line iegments 
(e.g*, end points, betweennesSj bisector^ 
interaectlon) . 

The student knows the definitions for 
term dealing ^ith angles (e,g,^ angle, 
acute 5 obtuse, right, supplementary, 
complementary, interior, exterior, 
measure of an anglCj linear, pair, 
vertical, dihedral). 

The student knows the postulates and 
theorems dealing with an angle (e,g,j 
An angle has exactly one bisector; 
every angle corresponds to a unique real 
number such that 0 < x < 180) . 



The student knowa the conditions that 
must be established to demonstrate 
angles congruent (e.g., same measure, 
coTnplements of congruent angles).. 

The student Is able to establish the 
relationship between angles. 



The student is able to use geometric 
terms (line, point, segment^ ray, angle, 
vertex) in defining geometric flgurei. 
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3.1 Plane and Space (Cont,) 

'J'ho studGni: knows thnt the nonempty 
intersection of two geometric figures 
forms a third geometric figure (e.g., 
2 iines in a plane intersect to form a 
point, 2 planes in space intersect to 
form a line) . 

rhe student is able to classify by name 
geoTnetric figures in a plane and in 
3-spacG (e,g,, triangle, polygon, poly- 
hedron ^ pyramids sphere). 

llie student knows the names of the parts 
of cofTBTionly studied geometric figures 
(e.g., diagonal, altitude, great circle). 

Tlie student knows that a gaometric 
figure div'ides a plane or 3 -space in 
distinct sets of pnints. 

The student knows that triangles are 
classified by their 3ide and angle 
measurements (e.g.j equilateral, 
isosceles, scalene^ right, acute, 
obcuse, equiangular) . 
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The student knows the 
Theorem . 
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rhe student is able to apply the 
Pythagorean Theorem in the solution of 
problems. 

Tlic student knows the formulas for find- 
ing the perimeters and areas of polygons 

The student is able to find the peri- 
nietar and area of polygons. 
O 
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5.1 Plane and Spaca (Cont:. ) 

The student is able co find surface 
aroa and volume of geomeLric space 
figures. 



The studGnt knows that two figures which 
are the same size and fshape are congru 
ant . 

The student knows that congruency is an 
uquivalenca relation. 



The student knows that corresponding 
parts of congruent geometi'ic figures 
are congruent , 

The student knows the congruency 
theorems, for proving triangles congruent 
(e.g. , ASA, SSS) 

The student is able to use the congru- 
ency theorems to prove triangles 
congruent. 

The student is able to use congruent 
triangles in complex proof. 



The student is able to use his knowledge 

the triangular inequality theorem to 
solve problems involving triangles. 

The student knows the relationship be- 
tween the angles opposite noncongruant 
3 idea and conversely. 
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5 ^1 Plane and Space (Cont.) 

ThG student knows the thaorems that 
establish the parallel relationship 
bfitwoen lines and/or planes (including 
alcernate interior angles^ correspond^ 
ing angles) * 

The student knows the effect the paral^ 
lei postulate has on the developnient 
of Euclidean geometry. 

llie student knows the Parallel Postulata 



The student is able to prove llnef. and/ 
or planes parallel. 



The student knows that the set of 

qiiadrilaterals contains paralle lograms , 
rectangles, rhombuses, squares, and 
trapezoids. 

The student knows the conditions that 
must be eatablished to detdonstrate 
similarity between geometric figures 
(e.g., triangles are similar when they 
have 2 pairs of correspDnding congruenC 
angles) . 

The student knows corresponding sides 
of similar geometric figures have the 
same ratio. 



The student Is able Co determine when 
two geometric figures are similar. 

The student knows the definition of 
terms regarding circles (Including 
circle, secant, radius ^ dlaTneter, chords 
ji-"rcumference, arc, tangent^ tangent 
t^^rcles, concentric circles, minor arcSj 
major atcB, central angle, Inscribed 
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5.1 Plana and Space (Cont.) 

The student knows the theoreins regarding 
chords, secants^ and tangents of circles 



The student is able to find the measure 
ment of the angles formed by interaect- 
ing chords 5 secants, and tangents of 
circles . 

The student Is able to use the theorems 
regarding circles in proofs and a 
cation problems. 



The student knows that geometric con- 
struction is making a drav/lng using only 
a compass, and a atraight edge. 

The student is able to use the basic 
constructions in making the incenterj 
circumcenter, orthocenter , centroid ^ 
and nine point circle. 

The student is able to use the basic 
constructions to construct the medians 
and altitudes of a triangle, and a cir- 
cle containing any three non-collinear 
points , 

Wie student knows that the terms pointy 
line J plane, and space represent ab- 
stract concepts. 

The student knows definitions of cotmon- 
ly used terms that are related to the 
study of the point, line, plane, and 
space (e.g., ray, end point, half line) 

The student knows that not all geometrlq 
figures may be .cDnstructed. 
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5 . 2 Coo^rdina te_ G_epme try 

The student knows the relntionship 
becween equations and their geometric 
repreienta tions in coordinate geometry, 

The student: knows the appropriate 
terminology associated with the study 
of the reetangular coDrdinate plane. 

The student knowa that a plane rectangu 
iar coordinate system is the one-to-one 
correspondence between the set of all 
points in a plane and the set of all 
ordered pairs of real niimbers (coordl = 
nace plane) , 

The student knows the term locus as a 
set of points representing the solution 
set of a set of geometric conditions. 

The student knows the geometric repre- 
sentation of the locus of an equation 
is called the graph of the equation. 

The student Is able to test for the 
various kinds of symmetry possible in 
the construction of graphs or evaluation 
of a locus of points. 

The student knows the standard form for 
the equation of a line in a plane and in 
space. 



rue student is able to derive the slope 
of a line from the following eonditions 
(1) points on the line, (2) a line to 
other lines, (3) relationship between . 
coefficients of the variables of -the 
equations for the line, 
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5.2 Coordinate Geometry (Cont.) 

Th2 student is able to develop the 
various forms for writing the equation 
oC a line knowing only the coordinates 
of two points of rht^ line. 

Tlie student is able to determine 
perpendicularity or parallelisin between 
two or more lines. 



The student knows that a family of lines 
is a collection of lines with a coimon 
geometric property. 

The student is able to evaluate the 
condition which makes a set of lines a 
family. 

^rlie student knows the distance formula<s) 
for computing the distance between 2 
points in a plane; in 3-space 



The student knows that given any two 
points P and Q of a line, there is a 
coordinate system for the line such that 
the coordinate of P is zero and the 
eoordinace of Q is positive* 

The student knows that corresponding to 
any two points A and B there is a 
unique positive number called their 
distance. 

The student is able to determine 
distance in the plane or 3-space* 

The student is able to find the point 
which divides a line sepient into a 
dcsirad ratio (point of division 
formula) * 
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5.2 Coordinate Geometry (Cont.) 

'file student is able to prove many of the 
theDrems of Euclidean geometry by 
analytic (algebraic) methods. 

The student knows that a conic can be 
obtained by cutting a right circular 
cone by a plane. 

The student knows the terminology relat 
od to conies (e.g., cone, interaection, 
cirelej hyperbola) . 

The student is able to graph conic sec- 
tions on the coordlnafce plane. 



The student is able to convert the 
general form of a quadratic equation 
to the standard form of a specific 
conic equation, 

student is able to eKpress the 
conies, as well as the linej as para- 
metric equations of a specific locus. 



llie studenE is able to find the points 
of intersection of two or more plane 
geometric figures algebraically and 
graphica lly . 

The student knows the polar represanta= 
tion for points in a plane. 

The student is able to convert rectangu^ 
lar coordinates to polar coDrdinates 
and conversaly. 



^ ■ student is able to graph equations 
ng a polar coordinate system. 
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5^2 Coordinate Geometry (Cont.) 

The student is able to represent 
graphically both the original and the 
image of a conic which has been trans 
laCed and/or rotated to make it identi- 
fiable. 

The student is able to apply translatiDra 
and rotations to a quadratic equation 
i^^ritten in general form in order to 
Identify the conic represented by it. 



The student knows that the rectangular 
CQordinate system can be extended to a 
system in three dimensions. 



The student is able to sketch the 
graphs of space figures ^ including 
their traces in the three mutually 
perpendicular planes . 
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5.3 Transformational Geometry 

The student knoi^s that a transformation 
is an operation auch that each point in 
the preitnage set has an unique image and 
each point in the image set is the image 
of exactly one point. 

The student knows that three types of 
trans format ions are reflectionj trans- 
lationg and rotation. 

The studant knows the relationship 
between a point and the reflection of 
Che point with a line. 

The student knows that the reflectionj 
translation, and rotation transforma^ 
tlons preserve angle measure , collinear 
Ity, and distance. 



The atudant kn^ows that if, a figure 
coincides with its image over a reflect 
ing line, then the figure is called 
ref lection-syTrane trie to that line. 

The student knows that parallelity and 
perpendicularity are preserved when 
reflected over a line. 

The student knows that a composite of 
transformations result from successive 
applications of transformations . 

The student knows that a motion which 
prGserves the properties of a figure is 
called an Isometry* 

The student is able to use isome tries 
to prove the congruency of triangles. 



The student is able to use transforma- 
Clon postulatea, definitions ^ and 
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5.4 Other GeoTnetrles 

^rhe student kno^s Chat two people, 
Bolyai and Lobachevski, were basically 
responiible for the independent develop- 
ment of non^Euclidean geonietry. 

The student knows that by changing 
Euclid's Parallel Postulate the non- 
Euclidean geometries niay be developed. 

The student knows that Rlemannian 
geometry contradicts Euclid's Parallel 
Postulate in that it assumes there are 
no parallel lines. 

The student knows Chat Riemannian geome= 
try is useful in applied matheinatlcs and 
physics (e.g. J the Tnathematical basis , 
for Einstein's General Theory of 
Relativity) , 

The student knov^s that In ^'neutral 
geotnetry" neither Euclid *s Parallel 
Postulate Is assumed nor its contra- 
dictionj all the rest of Euclid's 
postulates are assinned. 



The student knowi that in the study of 
Lobachevskian geometry the Postulates 
of Euclidean geometry are aas™ed, but 
Euclid's Parallel Poitulate is replaced 
by Lobachevakl 's Parallal Postulate; 
"If point 1 is not on line L there 
are at least two lines threugh P which 
are parallel to L. '' 

Tlie student knows the properties 
unique for projective geometry. 
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6^ Measurement 

The student knows the location and use 
of print and nonprlnt Tnaterials related 
to meaiurement in mathematics (e*g*j 
card catalog: '^Mensuration^ "Weights 
and Maasures;" Subject Guide to Books 
in Print: "Measure Theory;" Reader's 
Guide: ''Measurement;" Area and build- 
ing audiovisual catalogs: "Measurement 
Matheinatici J " "Measurement System, 
Metric J " "Meaaurement ^ Instrumentationt' 

The student knows that measurement is 
a comparison between a standard unit 
and the object to be measured* 

Tlie student knows the term measure 
ineani the number of times a unit is 
used to determine a measurement. 

The student knows that measurement is 
a number associated with an abstract 
property such as length. 

The student is able to express a 
measurement with a number. 

The student knows common historical 
measurements from which present systems 
of measurement evolved (e*g,3 cubit, 
span, hand, rod) . 

The student knows that the system 
most widely used in the United States 
today is the. British ^American system 
of measures t 

The student knows the functions of the 
Bureau of Standards (Including calibra- 
tion of measurement devices and main- 
tenance of standard units), 
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6 , Measurement (Cont . ) 

The student kr.owi that meaiuremaTit may 
be Implied chrough the use of words 
such as longj thin, or tall, 

llie student li able to describe measur 
mends in comparative termi such as 
long, thin, or tall. 

The student knows that historically 
mathematica began with the need to 
measure and to record meaiurements . 



The student knows that environmental 
factors may affect measurement proper 
ties of an object (e.-g, ^ temperature 
and pressure may affect volume, loca- 
tion on the earth or moon affects 
weigl 



The student knows that measurement may 
be non-quantitative (e.g,, location by 
longitude and latitude; proportionality 
by scale drawings) , 

The student knows that defined relation 
ships may exist between different 
categories of measurement (e.g., rate 
is a function of time and distance) . 
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6,1 Systema and Categories 

The student knows that different 
countries of the world use different 
measurement systems. 

The student knows the namea of the 
major systems of measurement (e*g*^ 
metric, Brit ish^ American) , 

The itudent' knows that number operation; 
are required to convert measurements 
from one iyitem to another* 

Tlie student knows that the metric 
systeni is a deciitial system (based on 
units of ten)* 



The atudent knows the names of the 
principal categOTies to which measure- 
ment Is appilad (including length , arei^ 
volumes weight, time^ money). 

The student knows that some categories 
of measurement have units c^nmon to 
many systems (e^g., unit for time such 
as hour) , 

The student knows that a standard 
unit' Is the basis for deriving other 
units in a category. 

The student knowa that standard units 
of measure are arbitrarily chosen (l*e, 
agreed upon by a large nmnbar of 
people) . 

The student knows the standard unit 
for each of the major categories of the 
principal systems of measurement (e*g*, 
dollar in the American monetary and 
linear meter in the metric system). 
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6^1 Systema and CategorleB (Cont.) 

The student knows the names of, and 
the actual physical dimensions suggest 
by, units of measure within the prlnci 
pal systemB of raeaaurement (e.g., Inch, 
hour, metar, degree, pint). 

The atudent knows the naraei of the 
coimnon units In the principal categorie 
of measurement (e.g., money is measured 
with pennies, nickels, dimes' weight 1 
measured in ounces, pounds, tons). 

The student knows accepted abbreviation j P I 
and symbols for units of raeaaurement T 
(e.g., lb, or # for pound, $ for 
dollar) . 

The atudent knows the equivalent values 
of units within a category of maasure- 
inene (e.g., I foot m \% inches). 



The student knows that equivalent units 
of measure are in the same dimension 
(i.e., inches cannot be converted to 
pounds or dollars, but only to feet or 
Is). 



The student is able to convert a 
measurement In a particular unit to 
other units within a system (eg 
4 yards = 12 feet) . • • » 

The student is able to perform basic 
operations (+, x, i) with measures 
(e.g., 3 hours, 45 minutes plus 2 hours 
20 minutes equal 6 hours, 5 minutes) . 

The student Is able to measure using 
fornwlas (e.g., volume = V= L x W x H) . 
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Measurement 




6.1 Sy_B^t enis and Categorlei (Cont*) 

The student knows the equivalent values 
of related units In differtnt syatems 
(e,g,, 1 meter Is about 3*3 feet). 



'I'he student is able to convert measure^ 
ments of the same dimension from one 
systein to another (e*g,, meters in the 
metric system to feet in the American 
system) , 
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6 . 2 Accuracy 

The student knows the terms associated 
with accuracy of measurement (includlni 
tolerance, precision, relative error ^ 
and greatest possible error)* 

T'he student knows that measuring units 
may be microscopically STnall to astro^ 
nomically large* 

The student knows that the smaller the 
measuring unit used the more precisa 
Is the measurement, 

"I'he student knows that an estimated 
measure is an approximation which is 
rounded off to the nearest unit appli- 
cable* 

The student knows that all measurenients 
involve a possible error of half the 
value of the smallest division of the 
scale used in measuring. 

The student knows that the relative 
error of a measurement is the quotient 
of the greatest possible error and the 
measureinent itaalf , 

i'he student knows the rules for 
computation with approximate numbers. 
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6.3 Measurement Ins bruinenti 

liG s till dent knows that approxlmata 
ins criiment s are needed for measuring 
(e,j^., a ruler to measurG length, a 
clock to measure tlmej a thermometer 
to measure temperature) . 

Tiie student knows factors that affect 
the precision of a measuring inatrument 
(e.g., scale division, physical con- 
s t rue t ion , readab il i ty ) * 

The studenL knows tihat all measures 
are approximate (l.e*j there is always 
a difference between the actual measure- 
inent and that which is indicated by 
the measuring instrument). 

The student is able to interpolate a 
recording between units on the scale 
of a measuring instrLmient , 

Tlie Htudent Is abld to find a measure- 
tiieni uHiii^^ an appropriate physical 
device (e^g.^ rules watch ^ thermometer, 
scale, electric meters speedometer). 
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7,0 Seta 

The student kriOTs tha location and use 
of print and nonprint materlala ralated 
to lets in mjitheniatlcs (e*g., card 
catalog: "Aggregates*- (mat hem t leg) ; 
Reader's Guide- ''Mathamatica Area 
and building audiovisual cataldgs: 
"Set, MatheMtlcal," "Set, Algebraic." 
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7,1 'I'erininologv 

Tlie stiudent knows that a set is a well- 
defined collection of objects. 



Tho studunt: knows the symbols used in 
set notation (including e , ^ , 



'Hic* .^rudc^iit knows the* meaning of terms 
used ih describing sets (including 
complement null, snbset, universal 
sat, infinite set^ finite setj superset: 
equivalent sets, disiolnf: sets). 

'ho .Htudent knows ways In wliich t]ie 
inenihers of a set may be specified^ 
Including listing the members (elemfinUs 
and describing the members by rule, 

Tlie studenL is able to use the symbol- 
ism of sets (set builder notation) to 
name a set (e.g., { x > 2 and XtR}), 



The student knows that the cardinal 
number of a set A, denoted n(A) ^ is 
the number of elements the set contains 



rhd student knows that a one-to-one 
correspondence between two sets Is a 
pairing which assigns to each member 
of each set one and only one member of 
the other, 

Hie student knows that in counting the 
number of members of a set, a one-to^ 
one Correspondence is made between the 
members and a subset of the counting 
numbers . 

The student is able to establish a one- 
to-one. correspondence between two 
Of finite sets* 

ERIC 



P I U 11 



P I U H 



P I U H 



P I U 



U II 



P I U H 



P I U H 



P I 



I U H 



K2 



K2 



Kl 
K2 



K7 



P33 
P35 
p46 



K2 



K2 
K7 



K7 



P33 
P44 



la 



la 



la 



U 



la 



la 



la 



la 



la 



J II 



(C) Classlfica- 
tlon 



(C) Classifica- 
tion 



1.15 



(G) Cardinal '.ty 



(C) RelatluiiB 



(C) Numeration 



(C) InfiniLy 



HAraHMATlCS 



Hi. 



7* Sets 



COURSE GOALS 



1.1 Opera tlon_s onjS_ei:s 

rhe atudent: knows deflnltlohs of che 
set operaclons Including union, inter- 
section, cpmplementatlon, and Cartesian 
product . 



The student knows the laws of opera- 
tions on sets, including the conmuta- 
tive associative, distrlbueive, Identi 
ty, and compleTnent laws. 

The student is able to perform basic 
operations on sets including union 
intersection, and Cartesian producti. 



The student knows ways to describe set 
operations including Euler circlei 
mappings, and Venn diagrams. 

rhe student is able to relate sets 
graphically (e.g., union with Venn 
diagrams, aub^et with Euler circles). 

The student knows the parallelism that 
exists between set operations and 
operationsin other areas (e.g*, logic, 
circuit design, information theory). 

The student knows areas of mathematics 
in v^ilch set theory and symbolism are 
applicable (e.g., probability, logic, 
and geometry) * 
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jSMS. 



'Ilie sLudent knows the location and use 
of print and nonprint materials related 
to logic in mathematics (e.g*, card 
catalog: "Logic , Symbolic and Mache^ 
matical"; Reader's Guides "Logic^ 
Symbolic and Mathematical"; Area and 
building audiovisual catalogs: 
"Mathematics, Logic," 
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8*1 rerininology 

The student kno^s that a simple logical 
proposition (statement) is a sentence 
that Is either true or falser but not 
both. 

The student knows the meaning of the 
terms used Co describe logical propoii^ 
tions including axioms theorem^ lemma, 
and corollary. 

The student knows that the logical 
connections are -'and,*' "or,^' and "not. 

The student knows that a proposition 
applied to elements connected by the 
logical connection "and'- is posited 
of both elements. 



The student knows that the expression 
"one or the other or both" is called 
the "inclusive or/" 

The student knows that the expression 
"one or the other but not both-* is 
called the "exclusive or*" 

The student knows that the negation of 
a logical statement is formed by preced 
ing the statement with the logical 
connective "not . " 

f'he student knows the symbols for 
negation^ conjunction, disjunction, 
conditional and biconditional* 

The student knows that the logical 
operation of disjunction of statements 
in logic is analogouj to the operation 
of union In set theory. 

The student knows that the logical 
operation of conjunction of statements 
O jlc Is analogous to the operation 
ERJC ersection in set theory/ 
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8.1 Te rminology (ContQ 

Tiie student knows that In logic the 
operation of negation ts analogous to 
finding the complamenC of a set. 

rhe student knows the truth tables for 
the connectives (negation^ conjunctions 
disjunction), condiclonal and bicondi- 
tional , 

The student knows the meaning of quanti- 
fiers including "all^' and 




117. 



8. Logic 



COURSE COALS 



8^2 Statements 

The student knowa that an open sentence 
is a statement which contains a variabl 
and becomes a proposition when an ele- 
ment is substituted for the variable, 

llie student knows that compound state= 
inents are simple atatemanta combined 
with logical connections. 

^rhe student kiiovTa that a compound 
statement formed with the logical 
connective *'and'' ia a conjunctlonp 

llie student knows that a compound 
statement formed with the "Inclusive 
or" Is a dlajunctlon, 

llie atudent knows that logical state- 
ments of the form, ^'If p then q*' are 
conditional statements (i*e., implica- 
tions) . " 

The studenc is 3.ble to use "sufficient, 
"necessary,*' "if, ''.and "only if" Ian- ' 
guage in expreaaing conditionals , 

The student knows that logical state- 
ments of the form, "p If and only if q" 
are blcondit lonals , 

The student knows that the conditional 
"If p then q" has a converse^ "if 
q than p. " 

The student knows that the conditional, 
"If p then q" has the inverse, *'lf 
not than not q. " 



The atudent knows that the conditional 
';if p then q" has the contrapositive 
"if not q, then not p/' 
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8.2 Statements (Cont. ) 

The student is able to use truth tables 
to test the truth or falsity of com= 
pound statements. 



The student knows that statements that 
have the same truth tables are called 
logically equivalent statements (l*e*j 
tautologies) . 
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8 ^ 3 Reaaonlng 

The student knows the inatheniaclcal use 
of the words ''and^" "or^*' and '^not." 



The student is able to form the con- 
verse, inverse, and contrapositive of 
a g 1 ven-* Implication, 

The student Is able to use Venn dia- 
grams to clarify logical arguments* 



the student is able to use Indirect 
reaaonlng in logical arguments (i*e,5 
a proof of the Gontraposltlve of a 
theorem is a proof of the theorem). 

The student knows that a proposition 
containing a finite number of variable 
and operations Is a tautology if and 
only if it Is true for every substitu- 
tion of Its variables, 

'fne student knows that at any step of 
a logical argument a statenient may be 
replaced by a logically equivalent one 



'*rhe student is able to use the transi- 
tivity property of the conditional 
(syllogism) In logical argimenti (l,e*. 
If p Implies q and q implies 
then p implies r) , 

The student Is able to use the rule 
of detachmant (modus ponens) in logical 
argiEnents (i.e.s If p ig true and p 
Implies q, than q is true). 



The student is able to 



use 'Wdus 



tollens" in logical argimients (I.e., 
if^not q is true, and p implies q 
.not p is true) . 
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8.3 Rfisonlng (Cont. ) 

The sfudent is able to use proof by 
concradlcclon (reductlo ad absurdum) 
in logical arguments. 



The student; is able to use logical 
arguments in geometric and algebraic 
proofs . 



The student knows that Boolean Algebra 
is an abstract mathematical system that 
Is useful in solving logical problems. 



The student is able to use Boolean 
Algebra to solve logical probiems. 



I'lie student knows conmon matheinatlcal 
paradoxes (e.g., Zeno's paradoxas). 
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8A Abstract: Mathematical Systems 

Tlie stiidant knows the definition of an 
abstract mathematical system. 



The studfc^nt: knows the definition of an 
equivalence relation* 

rho atudent is able to use the concepts 
of an absCract mathematical system in 
studying other poaslble mathematical 
systems * 

The sEudent is able to verify the field 
properties for subsets of the real 
numbers * 

The student knows the definition and 
propertiea of a group. 



!'he student is able to develop c'lbstract 
ntathematlcal systems that are groups* 



The sLudent knows the definition of a 
ring. 

The student is able to develop abstract 
mathematical systems that are" rings. 

The student knows the definition and 
properties of an integral dom^^.a. 

The student is able to determine 
whether a congruence class of integers 
(modular number system) is an integral 
domain- 

*i1ie student knows the similarities and 
differences among groups, rings, inte- 
gral doniains, and fields. 
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8.4 AbaCract Matheinat ical Systemg 
(Conb. ) 

The stzudent knows that a vector space 
may be defined as an abstract mathenia-= 
Cical system of scalar values in opera 
tion with vector values. 

The student knows the definition and 
properties of Boolean Algebra, 
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9, Frobabillty and Statistica^ 

The fitiudont knows tlic location and use 
of print: and nonprlnt: materials related 
to probability and statistics in mathe- 
niatics (e.g., card catalog: "Probabili- 
tie 



Stacistics " ; Reader Guide : 
"Probabilities," '^Statistics " ; area 
and building audiovisual catalogs- 
'■Mathematics, Probabilicv, '-MathamaticJ 
SEatistlcal." 

The student knows tliat among several 
events equally likely to occur^ the 
probability that a given event will 
occur is the ratio of outcomes that 
produce the given event to all possi- 
ble outcomes (e.g,, the probability 
of rolling a 2 on a dia is 1/6)* 

The student knows that statistics is 
a body of methods for the systematic 
handling of data aimed at making deci- 
sions amidst uncertainty due to too 
much or too little data* 

The student knows that statistics 
enable probability limits to be placed 
on the truth of statements made about 
a total system or population from 
analysis of a sample. 

Hie student knows that in order to 
avoid distortion of the results^ statls^ 
tical data must be treated In accordance 
with all statistical rules and formulas 
appropriate to the specific data, 

llie student knows that descriptive 
statistics consist of the collection, 
classification, and suiranarization of 
data into graphical dlsplaya and corn- 
puted statistics about samples or whole 
poDiilatlons for the purpose of drawing 
^gpi(^"ices about the population. 
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Probabllitiy and Statlstlca (CQnt. ) 



The student: kno\^s definitions of terms 
associated with statistical inference 
(including reliability, validity^ 
correlation^ regressionj covar i ance, 
distribution, level of confidences 
level of significance^ significance 
ratios or tastSj Cyp^ I and II errors, 
power of tests J standard error). 
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9.1 Sampling and Data Collection 














The student is able to choose a sample 
representative of a population* 
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The student is able tD generate and 
use random numbers (e.g*, tables). 
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The student knows that randoin sampling 
is only one means of obtaining a repre- 
aentatlve sample. 
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ihe student la able to choose random 
samples from a population* 
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The student is able to construct line 
segment graphs to represent nunierical 
data« 
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The student is able to construct a 
frequency table from ntjmerical data. 
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The student is able to construct 
charts and bar graphs to represent 
numerical data. 
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Tlie .student is able to cons true t a 
histogram and a frequency polygon for 
representing statistleal data. 
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The student knows the characteristics 
of the normal distribution. 
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9,1 Sampling and Data Collection (Cont ) 

The student is able to determine the 
line of '-best fit" for a set of random 
ordered pairs. 

The student is able to use a line of 
best fit in estlinatlng correlations 
and regression equations. 
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9*2 Measureg 

The student knows the common measures 
of central tendency of data such ai 
mean/ median^ mode, and percentile. 

The student Is able to calculate the 
mean, median, and mode of nmnerical 
data. 

The atudent knows the conmon measures 
of variability of data auch as range, 
standard deviation, and variance. 

The atudent knows the common measures 
of covarlabillty of data such as the 
covariance and correlation coefficients 

The student is ^.ble to calculate the 
range, standard deviation, and variance 
from numerical data. 

The student is able to compute and 
interpret statlitlcal measures of 
central tendency, variability , and 
covarlabillty employing methods Includ- 
ing confidence, level of significance, 
significance ratios or tests. Type I 
and Type II errors, power of tests ^ 
and atandards* 

TTie atudent Is able to calculate 
cpvarianca and correlation coefficients. 
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9,3 Combinatorial 

ThG student knows that permutations 
and coinbinat ions are useful for arrang- 
ing data to compute the probabilities 
of Gvents, 

The student knows that a permutation 
is a distinct arrangement of a set of 
elGments, - 

.-The student knows that a combination 
is a set of elements considered without 
regard to the order in^ which the 
elements occur* 

rhc student knows the fundamental 
principle of enumeration (i.e*, 
multiplication principle of counting)* 

jlie student knows the meaning of 
symbols and terms associated with 
combinatorial Tnathematica (including 
factorial - !, „C^^ ^P^) , 

The student knows the formulae for 
computing numbers of permutations and 
combinations. 

The student is able to calculate the 
number of combinations or permutations 
for a stated condition^ 

llie student is able to calculate 
special permutations (e,g*5 indlstln« 
gulshable elements, circular permuta- 
tions). 

The student is able to use continatlons 
in Gxpresstng the bindmial theorem. 
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9,4 Probability ^rheory 

The student knows the definitions of 
the basic terms of probability (e.g., 
sample s sample point, sample space^ 
event, experimental results,, probability 
of an event) , 



The student knows tliat the outcomes of 
two probabilities are ''equally likely'^ 
if they have equal chances of occurring 

rhe student knows that mathematical 
probability of an event may be repre- 
sented as P{A) cardinal nmnber of A 
divided by the cardinal number of the 
sample space (e.g., P(A) - n(A)/n(S)). 

The student is able to use tree dla- 
grains in counting outcomes and computing 
probabilities. 

The student knows the formula for the 
-probability of^ the union of two events, 

The student knows the prdbabllltles 
associated with the union and inter- 
section of eyents (e*g., P(E union F) ^ 
P(E) + P(F) - P(K Intersection F)), 

The student knows the probability of 
outcomes of ordinary uncertain events 
(e.g. 5 tossing coinj rolling dice, 
drawing an inside straight). 



The student knows the probabilities of 
outcomes with experiments using single 
solids of three or more faces, 

'I'he student knows the probabilities of 
outcomes with eKperlments using a pair 
of aolide of threi or more faces* 

Y^^^^^udBnt knows the definition of 
tl^K>^i.e*j the odds in favor of A - 
probability of A divided by the 
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9> Probability and Statistics 




9*4 Probability Theory (Cone. ) 



The atudant knows the definition for 
the probability of the complemenC of an 
event (i*e,j the probability of the 
compleinent of A is equal to 1 - P(A)), 

The student knows that events are 
"mutually exclusive" If they have no 
points in common* 

The student knows that events are 
"independent" if and only if the prob- 
ability of their Intersection is equal 
to the product of their probabilities 
(i-e/5 the events have nothing to do 
with each other) , 



The student knows the dafinitlon of 
conditional probability (l,e*j the 
probability of A given B is equal 
to the probability of the interiection 
of A and B divided by the probabll^ 
ity of B, where P(B) # 0). 

The student knows the binomial theorem* 



The student is able to use rank corre- 
lation to test the Independence of two 
chance variables. 

The student knows a formula for calcu- 
lating confidence Intervals for prob- 
ability functions of random samples* 

The student knows Chebyihev^s theorem* 



The student knows the definition of 
Bernoulli trials. 
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9^. 5 Tnterpretation 

The student knows that the type of 
display chosen can affect the inter- 
pretation of statistical data. 

The student la able to interpret statis 
tical inforination from a table or graph 
(including minimums or maximums and 
occurrance frequencies) , 
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10^ HtgtiQry of Mathamatics 

The student kno«7S the locacion and use 
of print and nonprlnt mtertals relatad 
to the history of mathamaclcs (e*g., 
card catalog: "Mathematics , History''! 
area and building audiovisual catalogs: 
"Mathematics 3 History* " 

The student knows ways in which mathema^ 
tics throughout history has provided 
career opportunities (e.g., map making 
accounting, and surveying) * 

'Hie student knows the different empha- 
sis placed on Tnathamatlcs by different 
cultures (a.g.j Roman - practicality; 
Greek - imagination and fancy; Egyptian 
religious.; Arabian - tr,idlug) . 
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10.1 Early Period 

llie student knows that counting was a 
basis for the development of arithmetic. 



The etudent knows some of the early 
counting symbols (e*g,, pictures, ta 
marks, groups of physical objects). 



The ^student knows factors contributing 
to the development of nurneracion sym- 
bols (numerals) (including standardi- 
sation of symbols and ease of record 
keeping) . 

rht student knows the origin and devel- 
opmfmt of the many cormnon numeration 
systems (e.g.^ Romany Greek, HlndUj 
Arabic 5 Egyptian (hieroglyphics) , 
Chinese) * ■ 



The student knows that computation and 
number theory were primarily restricted 
to the scribes and priests of early 
civilization* 



The student knows effects of beliefs 
abouC numbers upon religion, mysticism 
and superstition (e.g,, the divineness 
of odd nujiibers, the fear of 13 , the 
mystical 666) / 

The Btudent knows early mathematical 
games (e,g,, odd and even, Nlm, chess, 
draughts) . 

The student knows reasons for the 
devfclopm.ent of positional number sys- 
tems (including the transition from 
simple counting to more complex compu- 
tations). 
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log Early Period (Cont.) 

The atudent knows that man's first, 
experience with matheniatics was Induc- 
tive (I.e., the Egyptians and Babylon- 
ians developed their ideas thrc 
obsarvation and experimentation with 
concepta useful in their daily lives). 

The atudent knows the ways that fingers 
(digits) have' been used to compute and 
record numerical computations* 

The student knows factors contributing 
to the need for computation in certain 
areas (including the development of 
astronomy, coiranerce^ surveying, science) 

The student knows that man reasoned 
algebraically before he computed 
arithmetically. 

The student knows that Egyptian and 
Babylonian civilisations as early as 
3000 B.C. were relatively advanced in 
arlthmatie (e.g,, simple algebra, 
numbars into the thousands, multipli- 
cation tables, weights and measures, 
calendars) . 

The atudent knows that the fractional 
concept daveldped when early civilized 
nian began taking shared risks In trad- 
ing and commerce t 

The student knows that early computa- 
tion facts were recordad in tabular 
forin, 

ITie student knows that early civilised 
nations such as Egypt used geometric 
figures and properties for meaiuring 
(e.g-5 triangulation for surveying). 
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10,1 Early PerlQd (ContJ 

The student knows che origin of soma 
early computational devicas Csuch as 
tha abacus) , 

The student knows the development of 
computing devlcea from grooves on walls 
lines in sand and dirtj to the modern 
abacus and the alectronic computer* 

The studenc knows that basic units of 
measure were developed from eonmon 
objeefci found within a culture (e.g,, 
cubic foot of watar (talent) in 
Babyjonla) , 

llie student knows that geometry 
developed in Egypt because of the need 
to reestablish lost boundarias (survey- 
ing) washed out by the flooding Nile* 
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I Q r 2 _ ___ Ore c q - R aman Period 

"rhe student knows that the Greek mathe- 
maticians promoted the study of abstract 
mathematics contrasted to applied 
mathematics* 

The student knows that the main contri" 
btiLion of the Greeks was the process of 
ordered logic or deductiye reasoning* 

The student knows ways in which well- 
known Greek mathematicians contributed 
to civilization (e-g./ Euclid^ Archi^ ^ 
itiedcsj Pythagoras 5 Zeno, Eratosthenes, 
'rhaleSj and Aristarchus) . 

The student knows that the Greek 
disciples of Pythagoras formed a 
secret society (Pythagoreans) to 
promote the study of mathematics 
as a srience. 

The stude.nt knows that our present day 
geometry 5 Euclidian geometry , was 
developed by Euclid (323-285 B.C) who 
conected, simplified, and recorded the 
geometric knowledge of his day, 

*rhe student knows that Archimedes (297- 
212 n,C.) made great advances in apply- 
ing niathenrntlcs to the analysis and 
solution of technical, engineerings and 
scientific problems. 

The student knows the contributions of 
L'ratosthenes 5 a Greek mathematician 
(including measurement of the earth's 
size before 2000 B,C, and development 
methods for the study of prime numbers) 



The student knows that the major con» 
trlbutlQn of the Roman clviligatlon 
O ' practical applications such as 
£[^(]]Bering and accounting. 
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10.3 Middle Age Period 

The sCudent: knows thac the Arab culture 
and learning in nrnthematics spread to 
ev^ery major center of civilisation 
during the 125 years following the 
death of Mohanmed in 632 A,D. 

The student knows ways mathematics was 
kept alive during the medieval ages by 
the Arabian civiliijation approKimafely 
400-1000 A, D, (e.g., translating and 
preserving earlier inathematical works). 

The student knows the origin and devel- I P 
opnient of counting houses and the 
various non--pencil and paper devices 
used in mathematical computations (e 
counting boards ^ wax slates ^ dust 
tables). 

The student knows^ that modern notation 
is called Arabic notation but our 
notation involving zero was in fact 
developed by the Hindus of India. 

Tlie student knows ways In which the 
adoption of the Hindu-Arabic place 
value system simplified computation. 

The student knows how the decimal syst_ 
of matheinatlcs evolvud* 

The student knows, the origin and devel- 
opment of the coironon idea words In 
arithmetic (e.g., digit, compute^ 
algorithm, abstract, composite^ prime, 
ordlnalj cardinal). 

The student knows the origin and devel- 
opment ^f^^the gero and place value 
concepts. 
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10,3 Middle Age Period (Cont. ) 

The student knows the major effects of 
mathematics on Western culture (e^g.^ 
the contributioii oi mathematics and 
scientific Cechnology to the creation 
of classes within a culture) , 
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0.4 Modorn Period 



The HtudDnt knows thii ways in which the 
invtuitlon of the printing press 
ai iucred the use of number.s and symbols 
in im.U;henmtics (e.g., standardizing 
numeral s) * 

The .student knows that mathematical 
Iduas and sysCems may be developed that 
have no inmediate practical application 
(e.g. the ellipse was kno™ thousands 
of yuars before it was used by Kepler 
in predict the motions of planets). 

The student knows that the metric ays- 
( oiii for mGasurement was developed in 
1789 l)y the French Academy of Sciences. 

The Htudent knowB that the modern 
period of matlieiiiat Ics began in the 
iOOO's with the development of analytic 
Htjonietry and calculus. 

'I'hc student knows of the development 



'e.g. 



of various mathematical branches 
algebra, analytical geometry, calculugj 
and sot theory) . 

Tliu student knows contributions of 
Hlgnificant innovations In mathematics 
(e.g*, complex numbers, logarithms^ 
nQn-lLuclidean geometries, Cartesian 
plane) * 

TliG student knows the development of 
long dlylslon algorithm methods prior 
to their introduction in the 1800 's. 
(eg,, Galby Method, Gerbent's Method, 
Scratch Method). 
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10.4 -Modern Perio d (Cont.) 

TliQ student knowfj that mathematical 
dlscqverius are sometimes made at the 
same time by different men working 
Independently (e*g., Leibnltg and 
Newton on calculuB). 

The ^^tudent knows that Karl Gauss , 
Isaac Newton, and Archimedes are 
considered by most math historiins as 
the three greatest mathematicians of 
history * 

The student knows about the lives and 
contributions of several of the great 
mathematlcia 3 (e*g.j Gaussj Descartes, 
Newton, Pascal') . 

The student knows that Rene Descartes' 
matlieinatical ideas led to a new field 
of mathematics called analytic geometryj 
cited as one of the most useful ways 
scientists have of studying naturai 
phenomena* 

The student knows that set theory was 
developed by George Cantor (1845-1918) 
as a new method of analysis and proof. 

The student knows that group theory 
developed by Evarlate Galois (c, 1830) 
applies to mot ions ^ numbers , or spaces, 

The student knows important names and 
activities of mathemtlclans Involved 
in the development of computer mathe- 
madics (e*g., Gottfried Von Leibnitz, 
Babbage, Lord" Kelvin, Napier, Pascal, 
Von Neuman. 
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Hiudoni knows the location and use 
nl. princ and nonprinf: niat:erial$ related 
Ln conipuLars in matriicmatlcs (o,g.s 
card caUaLog: ''IH ectronic Computers'*; 
Kuadcir-H ^iindi^- "Computers''; area and 
Ijuilding audiovf Hial catalDgsi 
"Coniputt^rfi^ . " 
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The student knowS the historical evolu- 
tion of computers. 



The Htudent knows characteristics of 
the two basic types of computers: 
analog and digidaU 

Tlic student knows the relaLive advan- 
tagt! of digital and analog computers. 

Tlie i^tudent knows the social and econo 
mic effecf:s the computer has on our 
world (e.g. 5 industrial automation. 
Invasion of privacy, and automation of 
iiiisiness processes) , 

student knows that recend rapid 
changes in computer capabilities are 
largely due to the advances in techno- 
logy (e,g.j electronics). 

The student knows the opportunities 
and requirements that are associated 
with computer careers such as program- 
mer, keypunch operator, computer 
operator, and systems analyst* 



The student kiiows the meaning of basic 
terms associated with computers (e.g,^ 
hardware, softwire^ central processing 
unit, peripheral devices, and memory) , 

The student knows types of computer 
hardware used for inputs output, 
memory, and calculating* 

rhe student is able to use input-output 
devlceh to comfflunlcate with a computer 
O stem. 
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Thn Htudent is able Co store data in 
and retrieivG data from a completer 
.storage Hystem, 

The aLudcnc knowB characteristics of 
probltsms which are well-suited to 
cofiipuLer solution* 



Th(^ ;M,!uiunL kiiowH that thn digital 
wonipii£:er uses yes-no ''decisions" b 
only ^on numerical computations. 



Tht* student knows the general stages" 
in computer problem solving (i.G,^ 
input, processings and output). 

Thv student knows that a digital compu^ 
tor can interpret only instructions 
written in machine readable form, 

The student knows the relationship 
between binary and octal numbers/ 



t knows that a program is a 
instructions written In a 



l:he stu 
series 

language that can be interpreted and 
i)rocessed by a digital computer. 

The student knows that programs written 
in a symbolic language are translated 
to machine usable form before computer 
exec ut ion. 

'the student knows terms associated with 
prograTiining (including flow chart, 
clecision table, stntement typess Ian- 
gunges, compilation^ and documentation). 

Thf' student knows the purposes of 
documenting a program (e,g,, revision, 
testlngi, if^s cruet ion) . 
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11.1 CQmputers (CQnt. ) 

The studerit is able Co flow chart a 
computer problem solution. 

The sCudant is able to develop a pro- 
gram in a symbolic language from a 
flow charted solucion. 

The student is able to use conmon pro- 
granmiing procedures such as counters ^ 
branches J and loops. 

The student is able to use a computer 
language to conmunlcate with the 
computer (e.g., BkBlC, FORTRAN), 

The student is able to analyze errors 
within a program (debugging) ^ (includ- 
ing printing results at various stages 
of . processiii^^ and using system supplied 
diagnostics). 

The student is able to use the language 
of arrays in progranmilng (e.g*, sub« 
scripting levels of data). 

The student Is able to use appropriate 
instructions to arrange the physical 
display of printed output (format out- 
put)* 

The student knows the advantages of 
Che various computer languages to 
specific applications (e,g,^ COBOL = 
Business 5 FORTRAN - Science). 
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11.2 Slide Rule 

The student knowB that the slide rule 
Is an economical mechanical device 
used for real-number computations 
(other than addition and iubtractlon) * 

The student knows that the elide rule 
Is logarithmically arranged and there- 
fore works according to the laws of 
exponents. 

The student is able to read the slide 
rule scales. 

The student Is able to select the 
appropriate scales on the slidfc rule 
on which Co perform particular compu- 
tations * 

The student knows the rules for compu- 
tation with approximate numbers* 

ITie student is able to use the slide 
rule to perform computations with real- 
numbers including multiplication, divi- 
sion , proportions j squaring ^ square 
root J cubing J and cube root. 

The student is able to use knowledge of 
scientific notation to place the deci- 
mal in the answer to a .computation 
performed on the slide tule. 
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11.3 Odher Devices 

, The scudent knows that historically 
many devices have been used to facili-- 
tate computation (including Napiar's 
bones s tables^ and mechanical ealculat- 
Ing machines) , 

rhe student is able to use devices to 
aid I calculations (e.g,, abacusesj 
slide ruleSj nomographs 5 and tables). 

The student knows the ways in which 
calculators are classified (includ^pg^. 
by number of keyss function of keys, 
presence of memory (storage) , and 
program capabilities)* 

I'he student is able to select a comput- 
ing device appropriate to the task to 
be performed* 

The student is able to use a desk 
calculator for the basic operations. 



The student Is able to add and subtract 
with an abacus* 

The student Is able to operate a 
progrannnable calculator* 



The student is able to program a pro- 
grammable calculator (i.e,, adapt the 
operations to particular problem 
analysis). 



ERLC 



P I U H 



P I U H 



I U H 



I U H 



I U H 



P I 



H 



K4 
k6 



P35 



K5 



P33 
P47 



P35 



P35 



P35 



P35 



le 

8 

le 
8 



3b 

4a 

4f 
5a 



5a 



4a 
4d 
4f 
5a 



4a 
4d 
4f 
Sa 



4ii 
4b 
4f 
5a 



10.0 



(C) Culture 
(C) Technology 
(VI) Useful lies 



6.4 



